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The  Canadian  section  of  the  Society  of  Chemical  Industry 
has  published  umier  the  titles  The  Economics  of  Poiver  Production. 
Some  Canadian  Industrial  Problems,  Foods,  and  The  Chemical 
Industries  of  Canada,  collections  of  painrs  which  have  been  read 
at  meetings  held  during  the  sessions  of  the  section.  The  Publi- 
cation Committee  of  the  Society  of  Chemical  Industry  in 
London  has  been  pleased  to  sanction  the  issue  of  this  informa- 
tion in  pamphlet  form. 

In  the  present  publication  a  number  of  contributions  presented 
during  H)12  are  collected  for  the  benefit  of  the  members  of  the 
section,  and  also  for  the  use  of  those  v.  ho  are  interested  in 
chemical  industry  in  Canada.  While  the  papers  are  written  by 
well-known  chemists,  the  language  is  largely  r.on-technical,  and 
much  of  the  descriptive  matter  can  be  followed  by  the  reader 
who  is  not  familiar  with  the  language  of  chemistry. 

Should  it  be  found  desirable  to  pursue  further  any  subject 
which  has  been  dealt  with  in  these  issues,  information  may  be 
sought  in  the  Journal  of  the  Society,  which  is  supplied  free  to 
members. 

The  Society  of  Chemical  Industry  was  founded  in  Kngland  in 
1881,  receiving  a  Royal  Charter  from  the  Crown  in  1907.  and 
numbers  over  4,200  members.  Its  chief  object  is  the  promotion 
of  those  industries  in  which  chemistry  plays  a  part,  be  it  large 
or  small,  and  conseciuently  manufacturers,  engineers  and 
chemists  till  its  ranks.  The  Journal,  which  is  published  fort- 
nightly in  London,  is  the  most  imi)ortant  periodical  on  applied 
chemistry  a.d  chemical  engineering  in  the  world,  and  is  widely 
recognized  as  an  invaluable  aid  to  all  those  whose  occupation 
demands  some  chemical  knowledge.  It  c(mtains  reports  in 
extenso  or  in  abstract  form  of  the  papers  read  before  general 
and  sectional  meetings,  with  discussions  thereupon;  also 
abstracts    of    all     British,     Continental     and     United     States 


Ctts"oftrhrJ  ^"^^'^^!"'-'  -^'-ering  subjects;  . 
nea  lists  of  British  applications  for  patents  and  "Con 
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statistics  a  terations  in  tariffs.  Customs  regula  ionslws  a 
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.U.J  :  ^   following  divisions,    under   which 

1.     General  Plant;  Machinery. 

2a.  Fuel;  Gas;  Mineral  Oils  and  Waxes 

2b.  Destructive  Distillation;  Heating;  Lighting. 

«!•     Tar  and  Tar  Products. 

Coloring  Matters  and  Dyes. 

Fibres;  Textiles;  Cellulose;  Paper 

Bleaching;  Dyeing;  Printing;  Finishing. 

Acids;  Alkalies;  Salts;  Non-metallic  Elements. 

ijlass;  Ceramics. 

Building  Materials. 

Fats;  Oils;  Waxes. 

Paints;  Pigments;  Varnishes;  Resins. 

India-Rubber;  Gutta-percha. 

Leather;  Bone;  Horn;  Glue. 
Soils;  Fertilizers. 
Sugars;  Starches;  Gums. 
Fermentation  Industries. 
Foods. 

Water  Purification;  Sanitation 
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Photographic  Materials  and  Processes. 
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The  Society  of  Chemical  Industry  is  intfrested  in  almost 
every  branch  of  manufacturing.  It  is  a  matter  of  everyday 
remark  that  chemistry  is  becoming  more  and  more  important 
in  the  industrial  world,  and  this  Society  endeavors  to  furnish  a 
common  meeting  ground  for  the  manufacturer,  the  engineer  and 
the  chemist.  Many  of  the  papers  which  af)pear  in  its  journal 
are  quite  readily  followed  and  understood  by  those  who  have 
had  no  technical  training,  and  no  progressive  Canadian  who 
is  interested  in  industrial  affairs  should  lose  an  opportunity  of 
keeping  in  touch  with  progress  abroad  as  well  as  at  home. 

The  Canadian  Section  extends  to  all  who  may  be  interested 
an  invitation  to  be  present  at  its  meetings,  the  dates  of  which 
may  be  obtained  from  the  Secretary, 

The  Chairman  and  the  members  of  the  Canadian  Section  wish 
to  express  their  indebtedness  to  the  Ontario  Government  for  a 
grant  toward  the  expense  of  publishing  this  work. 

Toronto,  December,  1913. 
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THE    CHEMIST    IN    THE    INDUSTRIAL 
DEVELOPMENT  OF  CANADA 

\V.  P.  CoHoK,  M.A. 


One  often  hears  the  remark  made,  that  as  the  nineteenth 
century  was  characterized  by  mechanical  development,  so  will 
the  twentieth  centur\-  be  remembered  by  future  generations 
as  an  age  of  scientific  development.  It  has  also  been  said  that 
this  century  belongs  to  Canada.  With  these  two  statements  as 
premises  it  easily  follows  that  the  part  which  the  chemist  will 
take  in  the  industrial  development  of  this  country  will  be  both 
large  and  necessary. 

New  problems  are  continually  arising  as  industry  progresses. 
In  counlnes  where  industries  have  been  long  established,  the 
chemist  is  busy  effecting  economies  in  production  and  improve- 
ment in  method.  In  many  cases  the  changes  brought  about 
have  been  so  revolutionary  in  character  as  to  render  obsolete 
the  methods  formerly  used.  Capital  is  naturally  unwilling  to 
scrap  plant  unless  absolutely  driven  to  it.  In  many  cases  there- 
fore in  established  industries  because  of  hea\y  capital  invest- 
ments the  most  modern  methods  may  not  hv  used. 

In  a  new  country  like  Canada,  however,  which  has  hardly 
begun  its  industrial  career,  capital  may  take  advantage  of  the 
vcr>-  latest  developments.  Thus  the  chemist  will  be  given  full 
scope  in  which  to  demonstrate  his  ability. 

This  country  is  also  very  largely  undeveloped.  We  have  only 
begun  in  the  last  few  years  to  realize  that  the  surface  even  is 
not  fully  known.  A  Cobalt  is  discovered  and  a  new  set  of  con- 
ditions leads  to  a  new  series  of  industries.  Such  discoveries  will 
in  all  probability  follow  in  the  future  quite  as  often  as  will  be 
good  for  us.  Each  new  development  will  be  a  fresh  oppor- 
tunity for  the  scientific  direction  of  industry. 

Industry  will  always  be  found  where  energy  is  available. 
Ontario,  Quebec  and  British  Columbia  abound  in  waterpower. 
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It  IS  natural  thefcfore  to  suppose  that  tlu-  future  will  see  in 
tries  springing  up  in  centres  where  power  max-  be  dexelo 
Wherever  there  is  industry  there  we  shall  find  ihe  chemist, 
In  as  much  as  none  of  us  is  likeK   t<.  fail  to  appreciate 
dimmishmg  |)urchasing  value  of  a  dollar,  so  also  must  we  di 
our  energies  to  the  elimination  of  waste.    The  sum  of  econc 
waste   in   this  country   per  day   runs  into   large   figures 
instance,  it  was  found  in  a  sawmill  cutting  one  hundred 
twenty-five    thousand  feet  of  lumber  a  dav,  that  nearlv 
hundred  tons  of  wood  per  da>-  were  destroved.    This  seems  1; 
enough,  but  even  it  is  small  when  we  consider  that  this  loc 
only  the  loss  in  the  log.  and  does  not  take  into  considera 
the  total  loss  on  the  tree  from  which  the  logs  were  cut. 

It  is  generally  conceded  that  we  must  eliminate  waste 
will  further  be  readily  conceded  that  the  problem  of  turn 
economic  waste   into   profit   is  essentiallv   a   problem   for 
chemist. 

I  have  tried  to  show  in  part  then  wherein  the  opportunih 
the  chemist  in  Canada  consists.  There  is  opportunitv  in' 
e  imination  of  waste,  opportunity  in  the  studv  of  indust, 
already  started,  opportunity  as  industries  alreadv  characteri« 
of  older  count. ies  take  foothold  here,  and  opportunity  as  , 
material  resources  of  our  country  become  more  widely  known 

Granted  the  opportunity,  our  next  questions  are  these-  Wi 
should  be  the  attitude  of  the  industrial  chemist,  and  what  is 
necessary  equipment? 

Personally  I  do  not  feel  concerned  with  the  question  as 
whether  industrial  chemistry  is  a  learned  profession.  We 
know  that  what  to-day  is  a  science  had  its  origin  in  the  alcl 
mistic  practices  of  the  Middle  Ages.  Historicallv  the  chem 
has  an  ancestry  in  common  with  the  phvsician  and  the  pharm 
cist.  A  doctor  IS  not  a  doctor  because  he  knr>ws  more  or  le 
about  medicine,  nor  is  a  lawyer  such  because  of  his  knowled 
of  law.  Each  is  a  member  of  his  profession  when  he  passes 
certain  examination  and  pays  certain  fees.  Without  meeting  the 
two  conditions  one  is  not  of  the  elect.  In  this  sense  there  is  r 
profession  of  chemistry.    We  chemists  have  no  sacred  enclosu 
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from  within  which  we  can  I(M)k  out  upon  the  many.  In  the  terms 
of  unionism  ours  is  open  shop.  Not  that  it  is  safe  for  us  as 
chemists  to  assume  a  "holier  than  thou"  position.  Quite  the 
contrary.  Attempts  have  been  made  in  the  past  to  erect  the 
^valls  of  an  enclosure  sacred  to  chemists,  hut  without  success. 
Possibly  this  is  not  an  unmitigated  evil.  Certain  restrictions 
are  necessary  in  certain  cases,  especially  where  empiricism  is 
characteristic.  Chemistry  is,  however,  an  exact  science.  Its 
attitude  is  one  of  finding  by  facts.  It  would  hardly  be  con- 
sistent to  build  for  itself  a  sacred  enclosure  while  preaching  a 
doctrine  of  judgment  by  results.  Stating  the  facts,  then,  we 
may  say  that  an  industrial  chemist  in  Canada  to-day  is  neither 
helped  nor  hindered  by  professional  organization.  Every 
chemist  has  his  own  reputation  to  make.  Success  or  failure  will 
follow  his  efforts  in  accordance  with  the  way  in  which  he  does 
his  work.  Sacred  enclosures  may  serve  to  distinguish  the  elect 
from  the  non-elect,  but  your  strong  man,  the  man  who  originates 
things  or  who  does  things,  is  his  own  distinguishing  mark. 

Since  then  the  industrial  chemist  must  be  judged  by  the 
character  of  his  work,  we  ask  again  what  must  his  attitude  be  in 
view  of  his  opportunities  in  Canada? 

The  industrial  chemist  must  be  sure  of  himself.  It  is  useless 
to  begin  a  problem  unless  he  has  a  certain  sense  of  power.  Un- 
less he  feels  that  he  can  by  the  sheer  force  of  his  mind  backed 
by  his  knowledge  lay  open  the  secrets  of  the  material  world,  it 
is  useless  to  begin.  In  this  world  a  man  who  accomplishes 
things  must  know  his  own  mind.  The  man  who  knows  what  he 
wants  usually  gets  it  if  he  goes  after  it.  The  man  who  wants 
everything  in  general  and  works  for  nothing  in  particular 
usually  gets  what    he  works  for. 

As  I  have  tried  to  point  out,  we  in  Canada  are  the  children 
of  opportunity.  Without  the  sense  of  power  to  grasp  what  is 
offered  and  the  will  to  choose  what  we  want  amid  this  wealth 
of  opportunity,  without  this  we  should  resemble  children  in  a 
candy  shop,  standing  about  finger  in  mouth,  unable  to  choose. 
The  corollary  of  this  is — he  who  cannot  do  his  own  thinking  must 
work  for  others. 
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practice  and  is  coiuinually  changing.  He  may  to  advantage, 
however,  study  the  standard  methods  which  are  in  use  in  the 
handling  of  materials. 

The  chemist  should  also  be  familiar  with  his  own  country. 
He  should  know  Canada,  her  waterways,  her  trade  routes, 
her  natural  resources,  her  possibilities,  her  markets.  Location 
is  much  in  the  success  of  an  industry.  An  industry  may  be 
ruined  by  being  wrongly  placed.  It  can  be  located  properly 
only  when  a  general  knowledge  of  conditions  has  guided  its 
promoters. 

So  much  by  way  of  the  attitude  and  equipment  of  the  indus- 
trial chemist.  We  may  next  ask  what  is  his  function  in  industrial 
activity  ? 

To  my  mind  the  function  of  the  chemist  in  industry  consists 
in  a  scientific  control  of  production. 

Occasionally  a  chemist  may  develop  into  a  trader  and  become 
a  powerful  executive  head.  Ordinarily,  however,  the  very 
nature  of  his  calling  prevents  this.  The  scientific  control  of 
production  is  surely  a  large  enough  field.  It  is  certainly  one 
which  offers  many  opportunities  here  in  Canada.  In  many 
cases  the  manufacturer  hiinself  does  not  know  this.  Working 
under  the  conditions  of  a  growing  market  he  may  not  and  in 
main-  cases  does  not  realize  the  necessity  for  scien»^ific  control 
It  is  then  necessary  for  the  young  chemist  to  demonstrate  his 
value.  He  must  shew  his  employer  that  a  profit  is  being  made 
on  what  he,  the  chemist,  costs. 

Every  manufacturer  has  occasion  from  time  to  time  to  avail 
himself  of  the  analytical  services  of  the  chemist.  In  large  works 
a  corps  of  analysts  is  maintained. 

In  this  hL'tnble  though  necessary  field  the  chemist  usually  has 
to  prove  his  worth.  Many  manufacturers  do  not  employ  a 
staff  of  their  own,  but  engage  the  services  of  firms  doing  a  con- 
sulting business. 

Just  here  let  me  insert  two  remarks.  First,  I  wish  to  refer  to 
the  excessive  competition  for  business  which  has  led  to  a  scale 
of  prices  for  analytical  work  scarcely  capable  of  yielding  a  profit 
if  the  determinations  are  done  with  care.    Such  a  state  of  affairs 
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is  unfortunate.     It  puts  analytical  operations  in  the  han 
the  office  l)oy.     He  will  make  a  mistake  once  in  a  while, 
will  he  caught  some  time  by  the  manufacturer  who  will 
the  generalization  that  chemists  are  no  use  anyway. 

The  second  remark  refers  to  the  maintenance  of  labori.1 
where  assa>    work  is  clone  by  the  Ontario  Government. 
Dominion    (".overnment    will    also    make   a   complete   fert 
determination  for  five  dollars. 

This  is  a  form  of  paternalism  which  may  have  been  nece 
in  the  past,  but  at  present  to  be  consistent  it  would  seem 
•-he  governments  in  question  should  maintain  a  corps  of  doc 
lawyers  and  dentists. 

To  return  then  the  first  duty  of  the  works  chemist  usually  i 

examination  of  materials  by  analytical  methods.     This  is 

as  necessary  as  bookkeeping  even  when  contracts  are  let 

guarantee  specification.     Just  here  we  have  an  analogy  w 

may  be  illuminating.     There  are  those  who  may  consider 

the  chemist  is  simply  an  analyst  and  nothing  more.    The 

tion  of  routine  analysis  to  chemistry  is  much  the  same  as 

of  bookkeeping  to  accounting.     Neither  analysis  nor  bookkee 

is  of  the  highest  service  unless  put  to  the  higher  uses  of  cher 

control  or  accounting.    The  chemist  must  be  able  to  devise 

most    involved    methods   of   analysis.      The   accountant    i 

know  how  to  keep  books.    A  set  of  analytical  records  tells  1 

in  itself,  but  may  be  used  by  the  chemist  in  improving  proa 

and  elifecting  economies  of  production.    A  correctly  kept  s( 

books  is  a  working  necessity,  but  only  when  taken  in  ham 

a  skilled  accountant  can  the  real  state  of  a  business  be  foun 

Routine  analytical  work  must  then  be  used  as  a  means  t 

end.     Some  chemists  never  become  more  than  analysts. 

outlook  of  such  is  not  hopeful.    They  are,  however,  necess 

Your  real  chemist  is  he  who  sees  the  process  of  manufactui 

a  whole,  who  uses  his  facts  to  enable  him  to  effect  economie 

devise  new  methods,  and  once  in  a  while  to  revolutionize  a  w 

industry. 

The  work  of  the  industrial  chemist  may  be  divided  broj 
in  a  threefold  manner. 
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In  the  first  place  there  is  the  everyday  work  of  directing  pro- 
duction. This  is  executive  and  varies  in  responsibility  in 
accordance  with  the  ability  of  the  chemist  to  accept  responsi- 
bility. If  he  develops  an  executive  ability,  more  responsibility 
will  be  thrust  upon  him.    Finally,  he  finds  himself  works  manager. 

In  the  second  place  he  will  find  opportunity  to  improve  exist- 
ing methods,  cutting  corners,  simplifying  methotis  and  generally 
adding  to  the  efficiency  of  production. 

Thirdly,  he  will  originate  new  methods  and  produce  new 
products.  This  is  probably  the  highest  phase  of  the  chemist's 
profession.  In  this  branch  the  chemist  will  need  all  the  experi- 
ence, knowledge  and  wisdom  gleaned  from  his  past  career.  He 
must  be  able  to  distinguish  fact  from  theory.  Invention  con- 
sists more  in  the  power  to  appreciate  a  need  and  to  supply  it 
from  the  experience  of  the  past  than  it  does  in  pure  genius. 

I  shall  now,  not  because  of  any  particular  knowledge  of  the 
subject,  but  rather  because  of  the  position  with  which  the 
Canadian  section  of  the  Society  of  Chemical  Industry  has 
honored  me,  attempt  to  say  a  fe*'  words  to  those  who  may 
contemplate  beginning  here  in  Canada  a  career  devoted  to 
industrial   chemistry. 

Many  come  to  me  as  they  must  to  others  asking  if  I 
can  direct  them  to  any  position  here  in  Canada.  Sometimes  I 
can  do  so,  but  very  often  I  cannot.  It  is  only  the  exceptional 
manufacturer  here  in  Canada  who  employs  a  chemist.  There  is 
a  place  for  a  chemist,  however,  in  nearly  every  industry  of  any 
size.  The  only  trouble  is  that  the  owner  of  the  business  does 
not  know  it.  My  advice  to  the  young  and  rising  chemist  is, 
first  pick  the  line  of  industry  in  which  you  think  you  can  make 
a  success,  then  pick  your  man.  After  that  tell  him  some  definite 
thing  you  realize  you  can  accomplish.  Tell  him  you  know — not 
guess — you  can  make  good.  Be  willing  to  let  the  results  of 
your  work  make  your  place  for  you.  Be  willing  for  your  own 
sake  to  forget  yourself  in  your  work  for  others.  Do  not  think  of 
what  the  results  mean  to  you,  but  what  they  mean  to  your 
employer.  Your  employer  will  be  watching  results.  When 
economies  have  been  effected,  then  and  not  until  then  will  come 
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the  reward.  Once  your  work  is  valualile,  then  your  employer 
will  reali/e  his  need  of  you  und  will  take  steps  to  make  your 
stay  pleasant  and  long. 

In  coniliision,  kt  us  as  chemists  be  proud  of  our  profession. 
It  is  one  whith  is  not  dependent  for  its  results  upon  chicanery 
and  advertisement.     "C.ood  wine  needs  no  bush." 

Anxious  of  the  dignity  of  our  calling  and  the  greatness  of  its 
future,  let  us  all  by  our  devotion  to  our  daily  work,  our  honesty 
of  purpose,  our  good  fellowship  with  each  other,  our  freedom 
from  prejudice  and  desire  for  truth,  endeavor  to  make  the  name 
of  chemist  one  of  honor  in  our  country. 
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MAM  FACT!  RK   OF   EXPLOSIVKS 

I.iu    K.    (.1  ITMAN,    I'll. I).,    A.C.(;.I. 

Nitronlya-riiu',  the  tnain  iiinn-dirnt  of  dyiiamite,  is  prepared 
by  the  action  of  strong  nitric  acid  on  ulycerine.  It  was  dis- 
covered in  1S47  l»y  l'rofe>sor  Sobrero  in  Italy,  who  fully  recog- 
nized its  highly  explosive  proiwrties,  and  described  methods 
for  its  preparation.  It  was  not,  however,  until  Alfred  Nobel  in 
ISGIi  showed  how  to  manufacture  it  on  a  large  scale,  and  how 
to  minimize  its  dangerous  pr()|)erties,  that  nitroglycerine  was 
used  in  the  service  of  man.  In  order  to  render  it  safe  in  hand- 
ling, Nobel  dissolved  it  in  various  solvents,  but  finally  discovered 
that  the  best  method  was  to  absorb  it  in  a  jiorous  earth  called 
kieselguhr.  This  consists  of  the  siliceous  skeletons  of  minute 
diatoms,  and  possesses  the  projwrty  of  absorbing  or  taking  up 
within  itself  up  to  80  [wr  cent,  of  its  weight  of  nitrorr'"  i-crine. 
This  explosive  was  subsecjuently  replaced  by  "blat^i  gela- 
tine" in  which  Nobel  employed  soluble  nitrated  ceh .  lose  in 
place  of  kieselguhr,  and  thus  obtained  a  jelly  which,  while 
retaining  the  jiowerful  explosive  projwrties  of  nitroglycerine, 
was  safe  to  handle. 

Nitroglycerine  is  now  used  as  a  constituent  of  many  explosives, 
both  for  blasting  and  shooting  purposes,  but  the  nature  of  the 
substances  admixed  with  it  varies  in  the  different  countries. 

Early  Manufacture. — The  original  method  of  manufacturing 
nitroglycerine  was  to  run  the  glycerine  into  a  mixture  of  nitric 
and  sulphuric  acids,  which  was  kept  cool  in  a  vessel  of  water  and 
was  continually  stirred  by  hand.  In  this  way  up  to  100  grams,  or 
a  quarter  of  a  pound  of  glycerine,  were  nitrated.  The  nitro- 
glycerine separated  as  a  heavy  oil,  floating  on  top  of  the  mixed 
acids,  and  was  isolated  by  pouring  the  contents  of  the  vessel  into 
a  large  mass  of  water,  whereby  it  separated  out  at  the  bottom. 
As  many  as  IIG  nitrating  vessels,  with  a  charge  of  about  20  lbs. 
of  mixed  acids  each,  were  thus  employed  at  one  of  the  earliest 
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fac  tories  in  Massiuhusetls.  thi>  nitration  lastinR  from  one  an< 
half  to  two  hours.  After  hi-inK  st-paratfd  by  |)oiirinj{  into  wal 
tin-  nitroKlyiirine  was  thorouKhlv  washinl  with  succcssivf  p 
tionsof  frt'sh  wati-r.  and  finally  with  s<Kliuni  rarlHinate  solut 
t«>  rrnuAt'  any  traces  ;»f  alkalinii\ ,  and  was  then  stored  in  ti 
When  dynamite  Ite^an  to  l»e  usi-d  on  a  larjje  scale,  this  nieth 
of  nianufactiin-  proved  inade(|uate,  hut  yet  our  motleni  niethc 
of  manufacture  .ire  in  princi|)le  the  siime  as  those  of  forty  ye 
aRo. 

It  will  Im.'  I)est  at  this  place  to  menti(,n  the  proix-rties  of  i 
various  substances  employed,  (llycerine  was  formerly  thro 
away  in  the  waste  lyes  of  soap  factories,  l)ut  is  now  regard 
as  a  most  valuable  b\-pnKluct,  and  c.irefully  recovered.  It 
obtained  from  the  lyes  as  a  li(|uitl  of  HO  per  « mt.  strength 
simple  evaporaticm,  the  e.  oncmiy  of  the  process  of  course  deper 
ing  on  the  itVuii-ncy  of  the  api)aratus  employed.  The  cru 
glycerine  thus  obtained  is  purified  by  distillation,  and  usua 
submitted  to  a  second  distillation,  both  being  carried  out  ir 
vacuum,  or  under  greatly  reduced  pressure.  Thus  obtain 
glycerine  is  a  clear,  heavy  lifpiid.  highly  refractive,  colorless  a 
t)dorless,  with  a  sweetish  taste  to  which  it  owes  its  name.  It  1- 
a  specific  gravity  of  over  1.2()  and  is  readily  frozen  by  cold.  It 
nowadays  trans|K)rted  in  steel  drums,  and  can  be  readily  kept  I 
months  without  deterioration.  It  is  very  hygroscopic,  and  wh 
rubbed  on  the  skin  absorbs  moisture  from  it,  causing  a  stro 
burning  sensation.  There  is  recorded  an  interesting  case  of 
workman,  who  secretly  used  to  drink  half  a  pint  of  glyceri 
a  day,  the  burning  feeling  in  his  stomach  evidently  giving  hi 
the  same  experience  as  if  he  had  drunk  brandy. 

Sulphuric  acid  is  now  a  familiar  commercial  article,  ai 
beyond  stating  that  it  is  required  in  a  state  of  purity,  needs  i 
further  attenticm.  It  is  best  employed  as  strong  as  possible, 
98  per  cent,  strength  and  over.  Of  late  years  use  has  been  ma^ 
of  sulphuric  anhydride,  usually  called  "oleum",  the  use  of  whi^ 
presents  several  advantages  as  will  be  shown  later. 

The  nitric  acid  employed  should  be  as  pure  as  possible,  of 
specific  gravity  of   1..5()4  and  over,  containing  at  least  abo 
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•Ki  |Mr  renl.  of  uitrir  .»( i<l  or  so-called  n.onohydrate.  It  should 
be  free  Irom  chlorine,  and  should  not  contain  an  excess  of 
nitrous  .icid.  This  litter  ingn-dient  imparts  a  yellow  col«)r, 
and  if  amounting  to  less  than  2  jht  cent,  is  not  objected  to  by 
most  dynamite  fa«  tories.  In  .Xmerica  th^'  practice  is  to  keep  the 
content  of  nitrous  acid  as  low  as  |H)ssible,  usually  below  A  per 
cent.  Its  pres«-nce  diK's  not  interfere  with  nitration.  Most 
explosiw  factories  m.imifacture  their  own  acid,  not  only  for 
tlu'  sake  of  purity  and  convenience,  but  thereby  als«}  effecting 
a  large  saving  in  cost.  Nitric  a<  id  is  prepared  by  the  action  of 
strong  sul|)liuric  a'id  on  s«Mlium  nitrate  or  Chili  saltpetre,  the 
nitric  acid  ga>  obtaintti  being  led  .iway  to  a  suitable  condensing 
battery.  Various  systems  are  in  use.  all  giving  a  nearly  theo- 
retical yield  of  strong  nitric  acid.  A  g«MMl  nitric  acid  plant 
shoidd,  however,  produce  the  maximum  amoimt  of  high  grade 
acid,  with  the  minimuin  amount  of  nitrous  acid,  and  weak 
nitric  acid.  With  a  'vi-ll  designed  i)lant.  nitric  acid  of  96  per 
cent,  strength  is  obta.  d  in  (juantities  constituting  over  08  per 
cent,  of  the  whole  i.^id  obtained,  and  containing  but  small 
amounts  of  nitrous  acid.  Any  weak  nitric  acid,  that  is,  acid 
under  '.»()  jht  icni.  strength,  obtained  in  such  a  plant,  is  a  more 
or  less  waste  pnuluct,  being  totally  unsuitable  for  the  manu- 
facture of  nitroglycerine  and  nitrocellulose. 

ManitUuture  of  Nitroglycerine. — This  is  carried  out  in  large 
cylindrical  leaden  tanks,  the  quantity  of  glycerine  treated  in 
one  operation  being  between  250  and  1,0(M)  lbs.  During  the 
nitration  of  the  glycerine,  a  certain  amount  of  water  is  pro- 
duced, according  to  the  following  equation, 

C.,H,,(OH)..+:JHNO,  =  GH5(NO,i)3+3H20 

and  this  water  dilutes  the  nitric  acid  used,  and  stops  further 
nitration.  It  is  therefore  usual  to  nitrate  with  a  mixture  of 
strong  sulphuric  acid  and  nitric  acid,  the  mixed  acids  being  so 
proportioned  that  the  sulphuric  acid  absorbs  and  combines  with 
all  the  water  produced  in  the  reaction,  and  thus  keeps  the  nitric 
acitl  up  to  its  full  strength.  Formerly  there  were  taken  for  100 
parts  of  glycerine,  470  parts  of  sulphuric  acid  of  98  per  cent. 


strength  ami  2m  parts  of  nitric  acid  of  !)()  per  cent,  stre 
The  afivaiitaKcs  obtained  l)y  usiii^r  difforent  mixtures  vvi 
dealt  with  later. 

The  nitratinji  <>l)eration  is  carried  out  as  follows:  the  char 

mixed  acids  is  put   into  the  lead   vessel,  and   kept  thoroi 

cool  1)>-  means  of  cold  wafer  which  circulates  in  coils  of 

pipe   arran^re,!    inside   the   nitrator.      The   temperature  of 

mixed  acids  is  thus  hroujrht  up  to  ir,°  C.    The  charge  of  kIvc 

IS  now   run   in   from   a   storage  xcssel.     To  avoid   undue 

heating,  which  can  easily  give  rise  to  decomi)()sition  and  e: 

sions,  the  glycerine  must  he  run  into  the  mixture  at  the  bo 

and  in  a  fine  stream.    This  is  done  by  letting  the  glvcerine  i 

through  a  lead  coil  with  numerous  fine  i)erforations,  place 

the  bottom  of  the  lead  vessel.     C.lycerine,  being  lighter  thar 

mi.xed  acjds.  its  specific  gravity  being  I.2(>  and  that  of  the  i 

about  1.7."),  rises  to  the  to])  and  becomes  nitrated.     To  in 

thorough  nitration,  the  whole  mas^  is  thoroughlv  agitated  1 

\igorous  current  of  comi)ressed  air,  which  is  blown  in  thrc 

a  perforated  lead  coil.     During  the  process  consiflerable  he; 

developed,  and  the  temperature  of  the  mixture  rises.     It  h;: 

be  carefully  .egulated  and  must  be  kc-iM  down  to  about  2(1 

This  is  accomplished  b>-  means  of  the  cooling  water,  anc' 

regulating  the  supply  of  glvcerine.     Should  the  temperature 

any  reason  rise  to  2C.°  C.,  the  How  of  glycerine  is  stopped, 

the  full  supiily  of  compressed  air  stirring  is  turned  on.     Xi 

tion   is   then    not   recommenced    until    the   temperature  of 

mixture  has  again  fallen  to  abr)ut  20°  C.     The  nitrating  v( 

IS  provided  with  a  large  thermometer,  and  a  trusty  workma 

placed   in   charge  of   this,   to  watch   the   process.'    Should 

temperature  for  any  reason  rise  to  between  2G°  and  30°,  wi 

represents  a  danger  point,  the  whole  charge  has  to  be  drowi 

This  is  accomplished  by  opening  a  large  earthenware  cocl 

the  bottom  .)f  the  vessel,  through  which  the  mixture  is  alio' 

to  flow  rapiflly  into  a  large  vessel  filled  with  cold  water,  pla 

underneath  the  nitrator,  or  preferablv  in  a  separate  shed. 

bemg  thus  suddenly  diluted  with  a  large  amount  of  cold  wa 

decomposition  is  stopped,  and  the  mixture  rendered  hirml 
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iThis  sudden  rise  in  temiierature,  or  decomposition  in  the  aitra- 
|tor,  is  usually  caused  by  local  heating,  where  small  particles  of 
glycerine  come  in  contact  with  the  acid  mixture,  and  are  not 
immediately  thoroughly  dispersed.  .\ny  trace  of  local  heating 
of  this  sort  may  cause  decomposition  and  possibly  exjilosion 
of  the  whole  mass.  Nitroglycerine,  when  still  impure  and  in 
contact  with  the  acid  mixture,  is  exceedingly  sensitive  and 
liabli'  to  decomposition.  Some  idea  of  this  may  be  obtained 
from  tlie  statement  that  a  drop  or  two  of  water  falling  into 
such  a  mixture,  unless  at  once  stirred,  may  decompose  and 
exi^lfxle  the  whole  charge.  When  all  the  glycerine  has  been  run 
in,  the  charge  is  allowed  to  settle. 

Such  in  brief  is  the  principle  of  nitration.  The  following  is 
a  description  of  the  most  modern,  and  jrossibly  the  best  of  modern 
apiiaratus  for  this  purpf)se,  that  in  use  at  the  Royal  Gunpowder 
Factory  at  Waltham  Abbey  in  England,  the  process  having 
been  invented  by  Colonel  Sir  Frederick  L.  Nathan,  together 
with  Mr.  Thompson  and  Mr.  Rintoul.^  In  the  figure  N.  S.  is  the 
nitrating  vessel,  or  as  they  call  it,  the  nitrator  separator.  This 
is  as  before  a  cylindrical  tank  built  of  lead,  and  has  a  sloping 
bottom.  C  are  the  coils  of  lead  pipe  through  which  the  cooling 
water  circulates.  At  the  bottom  of  the  nitrator  separator  is 
fixed  an  acid  inlet  pipe,  connected  to  a  vertical  pipe  leading  to 
the  reservoir,  and  also  connected  to  a  branch  pipe  which  can 
be  led  either  to  the  waste  acid  eggs  or  to  the  drowning  tank. 
The  nitrating  vessel  is  closed  by  a  conical  dome,  provided  with 
glass  inspection  windows,  and  carrying  at  the  top  a  pipe  /, 
provided  with  an  acid  lute,  which  can  also  be  closed  by  means 
of  a  lead  cover.  Compressed  air  is  led  into  the  tank  through 
suitalile  stirring  coils,  as  described  previously,  but  not  shown 
in  the  drawing. 

The  charge  of  mixed  acids  is  run  through  the  acid  inlet  pipe, 
and  enters  the  bottom  of  the  apparatus.  The  acid  inlet  pipe  is 
carried  below  the  level  of  the  apparatus,  to  prevent  any  nitro- 
glycerine getting  into  the  pipe  through  the  stirring  action.  The 
compressed  air  is  then  turned  on,  and  cooling  water,  or  nowa- 
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clays  refrigerated  water,  having  a  temperature  of  about  9 
is  led  through  the  ax)ling  pipes.  When  the  temperature 
cated  by  the  thermometer  T  has  fallen  i  >  1")°,  an  injec 
placed  through  the  opening  J,  and  glycerine  is  blown  in 
the  glycerine  tank,  by  means  of  compressed  air.  To  pr 
clogging  or  the  slf)w  flowing  of  the  glycerine,  which,  a 
temi)eratures,  is  a  very  viscou/.  licjuid,  tlie  glycerine  is  kc 
a  temi)erature  of  about  25°  ('.  The  glycerine  rises  throuji 
mixed  acids  and  is  thoroughly  nitrated  as  before.  Whe 
nitration  is  finished,  the  injector  is  withdrawn.  Now  corr 
important  improvements  in  this  apparatus.  In  the  old  fo 
nitrator.  the  mixture  of  nitroglycerine  and  acids  was  ri 
from  the  bottom  through  an  earthenware  cock  into  a  sepa 
In  this  separator  the  mixture  was  allowed  to  stand  for  a 
si(K  rable  time.  nitrogI\...'rine  floating  to  the  top.  After  t 
at  ion  it  was  carefully  drawn  off  through  earthenware  c 
The  mixed  acids,  which  still  contain  some  nitroglycerine 
produce  a  little  more  on  standing,  and  which  in  this  cone 
are  highly  dangerous,  were  then  led  to  so-called  "after  s^ 
ation"  houses.  In  these  the  mi.xec!  acids  were  allowed  to 
for  periods  varying  between  4  and  10  days,  and  any  niti 
cerine  which  had  separated  out  was  carefully  drawn  off. 
has  always  been  the  mf)st  dangerous  part  in  the  manufac 
decomposition  and  subscfjuent  exjilosions  often  taking 
in  these  "after  sejiaration"  houses.  There  was  very  littl 
that  could  be  done,  however,  because  if  one  attempted  to  d( 
pose  the  nitroglycerine  in  the  acids,  say,  by  suddenly  tippi 
a  small  charge  of  water,  this,  though  certainly  effective, 
gave  rise  to  explosions.  Another  scuirce  of  danger  in 
operations  was  the  presence  of  earthenware  cocks.  The 
friction  of  the  key  of  such  a  cock  in  its  socket  may  give  r 
an  explosi(Mi,  if  any  nitroglycerine  accid'jntally  got  caughi 
cavity.  Such  explosions  have  actually  taken  place.  Na 
Thompson  and  Rintoul  avoid  this  by  their  ingenious  arr 
niei'.t. 


After  nitration  has  been  completed,  they  admit  old 
acids  through  the  acid  inlet  pipe.      The  cock  regulating 
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admittance  is  placed  outside  and  out  of  all  contact  with  nitro- 
glycerine. The  incoming  acid  gradually  raises  the  level  of  the 
charge  in  the  nitrator  separator,  and  the  nitroglycerine  rises 
till  it  appears  in  the  pipe  /.  It  there  overflows  into  the  pre- 
wash  tank  P.  W.  The  addition  of  waste  acids  is  continued, 
until  the  mixed  acids  themselves  rise  in  the  show  glass  /,  and  the 
separation  of  the  nitroglycerine  can  thus  be  accurately  contrclled 
and  slopped.  When  finished,  the  waste  acids  are  emptied  into 
storage  tanks,  these  again  being  contrclled  by  an  outside  cock 
A',  which  is  not  in  contact  with  any  nitroglycerine.  Nathan  and 
Rintoul  have  therefore  succeeded  in  avoiding  the  use  of  all 
cocks,  which  are  always  a  latent  source  of  danger.  When 
emptied  the  nitrator  separator  is  ready  for  another  charge. 

I-  he  pre-wash  tanks  the  use  of  cocks  has  also  been  success- 
fully avoided.  In  the  old  patterns  there  had  to  be  two  earthen- 
ware cocks,  one  for  running  off  the  nitroglycerine  and  one  for 
running  ofT  the  wash  waters.  Compressed  air  stirring  is  pro- 
\  ided.  The  Walthani  Abbey  pre-wash  tank  is  of  lead,  covered 
with  a  fixed  lead  cover  with  an  opening  covered  with  a  small 
rubber  flap.  The  wash  waters  are  run  off  through  a  skimmer 
of  pure  rubber  in  the  form  of  a  tube,  ending  at  the  top  in  a 
rubber  funnel  provided  with  a  loop  handle.  This  skimmer 
delivers  the  wash  waters  into  the  st)-called  labyrinth.  When 
the  cliarge  is  reach-  for  sending  dmvn  to  the  washing  house,  the 
rul)ber  running  off  pipe  1'  of  the  pre-wash  tank  is  slipped  off 
its  i)lug,  and  placed  on  a  nozzle  connected  to  the  gutter  leading 
to  the  washing  house.  The  gutter,  connecting  the  pre-wash 
tank  to  the  washing  house  tank,  passes  through  the  opening,  and 
to  prevent  freezing  of  the  nitroglycerine  during  cold  weather, 
is  surrounded  by  an  outer  jacket  heated  with  warm  water.  The 
washing  of  the  nitroglycerine  is  then  completed  in  the  wash 
house.  .\n  important  consideration  is  the  softening  of  the  wash 
water,  for  if  this  is  not  done,  an  objectionable  scale  forms  in 
the  washing  tank.  After  having  been  washed,  the  nitrogly- 
cerine is  filtered  from  slime,  lead  sulphate  and  other  impurities. 
This  is  accomplished  by  running  it  through  two  flannel  cloths, 
placed  in  a  frame  and  packed  between  with  sodium  chloride. 
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wliiili  laUT  also  retains  any  watt-r  in  the  nitroglycerine.  'I 
nitroKlycirine  is  drawn  off  through  a  rubber  tube,  and  tra 
ported  in  rubber  lined  canvas  bags,  or  wooden  vessels  lined  \v 
lead.  The  salt  is  periodically  removed  and  washed  with  wa 
to  recover  an\'  nitroglycerine. 

Thus  obtained  niirogKcerine  is  a  heavy  licpiid,  colorless  wl 
pure,  but  often  slighth  yellowish.  Its  specific  gravity  is  1. 
and  1.7;i")  when  fro/en.  It  is  readily  soluble  in  organic  sf)lve 
such  as  aicohol,  ether,  benzene,  etc.  It  has  a  slightly  sweet  bu 
iiig  taste  and  is  \ery  jioisonoiis.  Swallowing  one  drop  produ 
\iolenl  headaches,  giddiness  and  faint ness.  In  the  course 
niainifacture  and  use,  it  occasionally  onies  in  contact  w 
thi'  skin,  especially  with  the  membranes  of  the  nose  and  moi 
The  action  of  the  vapor  is  just  as  poisonous,  and  chiefly  aff( 
highlv  nervous  and  very  robust  people.  The  chief  effecl 
usually  a  violent  hcvlache,  felt  at  the  back  of  the  neck, 
course  of  tinn'  one  becomes  immune  to  the  effects.  Antidc 
are  cokl  compress,  fresh  air,  and  drinking  black  coffee, 
freezes  at  S°  (40^  F.)  into  long  whitish  crystals,  which  melt  v 
great  difficulty  at  .")2°  V.  The  nitroglycerine  was  formi 
supposed  to  undergo  spontaneous  decompiosition,  but  this 
now  been  shown  to  be  not  the  case.  Nitroglycerine  can 
heated  to  more  than  212°  F.  for  more  than  a  few  hours,  with 
decomposition.  Heating  to  180°  ("..  that  is,  400°  F.,  will  in 
tably  lead  to  violent  explosions.  The  safest  way  to  dcst 
nitroglycerine  is  to  pour  it  in  a  thin  stream  on  some  sawc 
and  set  fire  to  it,  when  it  burns  off  quickly  and  harmlessly. 

F"ormerly  e\jilosi\es  factories  were  satisfied  with  a  yick 
between  210  and  220  of  nitroglycerine  per  100  of  glycerine, 
amount  theoretically  obtainable  is  247.  By  the  use  of  Nat 
&  Rintoul's  process  this  yieUl  has  been  carried  to  229  pi 
representing  a  material  saving.  The  balance  of  18  part! 
nitroglycerine  is  lost  in  the  mixed  acids,  as  either  monc 
di-nitroglyccrine. 

To  effect  the  separation  of  small  particles  of  nitroglycei 
from  the  mixed  acids  and  wash  waters,  these  are  always  pa 
through  a  labyrinth.     (Drawings  of  the  labyrinth  were  supf 
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Waltham  .Abbey  years  ajjo  by  my  father.)  The  labyrinth  con- 
sists of  a  rectangular  lead  tank,  provided  with  vertical  parti- 
tions. The  vertical  partitions  are  alternately  provided  with 
perforations  at  the  top  and  at  the  bottom.     By  being  forced  to 


take  such  a  zigzag  course,  the  licpiids  are  effectively 


)rce( 
com 


pelled 


to  gi\e  up  any  trace  of  nitroglycerine.  This  then  collects  along 
the  bdlloni  of  the  lal)yrinth,  and  flows  to  the  drawing  off  cock. 
.\nv  nuid  separating  out,  in  the  various  operations,  which  will 
of  ((furse  always  contain  scnne  nitroglycerine,  is  saturated  with 
parat'fm  and  burned.  Working  by  their  method,  Nathan  & 
Rintoul  ha\e  not  been  forced  to  drown  a  single  charge  in  sixteen 
\e.irs.  Formerly  tlie  (luality  of  nitroglycerine  recovered  from 
tile  wash  water  settling  tank  amounted  to  A\  per  cent,  of  the 
i  total  manufacture.  By  Nathan  &  Rintoul's  process  this  was 
reduced  to  1 '  per  cent. 

.\  further  important  imjirovement  is  in  the  reduction  of  the 
total  elevation  retjuired  in  the  i)rocess. 

Tlie  waste  acids  are  always  denitrated.  This  is  accomplislied 
bv  passing  them  down  a  tower  made  of  volvic  lava,  enclosed  in 
an  iron  shell,  the  tower  being  filled  with  hollow  balls.  A  current 
I  of  steam  is  blown  in  at  the  bottom,  and  all  the  nitric  acid  is 
i  decomi^osed  and  driven  oft"  into  a  suitable  condensing  battery, 
i  usually  consisting  of  a  series  of  towers  filled  with  hollow  balls. 
The  nitric  acid  is  thus  recovered  in  a  strength  of  40°  Be,  that  is, 
tit)  per  cent,  nitric  acid.  The  sulphuric  acid  is  recovered  as  of 
t)0°  Be  strength,  and  is  water  white  and  clear,  as  well  as  free 
from  nitric  acid. 

Manufacture  of  Dynamite. — Dynamites  are  prepared  by  mixing 
nitroglycerine  with  a  suitable  absorbing  material.  It  was  not 
until  .Xobel  invented  the  use  of  kieselguhr,  which  can  absorb  up 
to  St)  per  cent,  of  nitroglycerine,  and  is  thereby  converted  into 
a  reddish  plastic  mass,  that  nitroglycerine  was  successfully 
emplf)yed  in  blasting.  It  was  obvious  that  the  use  of  such  an 
inert  material,  to  a  certain  extent  decreased  the  power  of  dyna- 
mite, antl  hence  patents  were  taken  out   for  using  an  active 
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"dopr".     This  dope  usually  consists  in  America  of  cither 
(lust  or  wood  meal,  or  an  active  dope  of  ammonium  nitrai 
any  other  nitrate,  such  as  barium,  calcium,  etc.,  can  be 
Whatever  (loi)e  is  used,  the  dynamite  is  compressed  into  sai 
form  an<l  cut  off  into  cartridges.    The  cartridges  are  wrapp 
pa|)er.   and    rendered   \vater-i)ro()f   by   being  dipped   in   m 
paraffin.     In  the  form  of    dumm\-    cartridges   nitroglyceri 
the  most  powerful  blasting  e.\i)Iosi\e  known,  and  on  accou 
its  high  density  it  retpiires  but  a  small  bore  hole,  and  is  th 
great  ddiiand.     The  chief  dangers  attending  its  use  are  e> 
tion.  if  iinpro|)erly  prepared,  for  on  jirolonged  storage  the  ii 
glycerine  exudes  or  sickers  out  from  the  absorbent.      This  i 
place  with   startling  ra|)i(lity   in  contact   with   moisture, 
nitroglycerine  tiius  exuding,  which  may  also  take  place 
moisture  contained  in  a  i)()re  hole,   runs  away,  and  this  ( 
leads   to  disastn.us  exi)!osions,   when   later  struck  bv   the 
ot  an  unsuspecting  workman. 

To  obxiate  these  defects  again  Alfred  Nobel  invented 
gelatine  dynamites,  or  blasting  gelatines.  Their  invention 
greatly  sui)plante(l  tne  use  of  dynamite  in  Europe,  the  I; 
onK  being  used  to  any  extent  on  this  continent.  These  j 
tine  (hnamites  are  {piite  safe  against  shock  and  handling, 
do  not  exude  nitroglycerine  if  jjroperly  manufactured.  The  ( 
used,  being  highly  active,  usually  gun  cotton  or  nitrocellu: 
does  not  detract  from  the  strength  of  the  explosixes.  Thi 
briel  is  the  process  of  manufacture. 

Cost  of  Ma  tin  fa  (til  re. —I  api)end  a  comparison  between 
two  nitrating  processes.  In  Nathan  &  Rintoul's  process  i 
recpiire  a  less  amount  of  mi.xetl  acids,  being  enabled  to  do  s. 
employing  higher  concentration  of  acid.  This  they  attair 
using  instead  of  pure  sulphuric  acid,  so-called  oleum,  tha 
sulphuric  acid  containing  a  certain  percentage  of  anhydi 
SO3.  This  is  more  expensive  but  yields  a  larger  productioi 
nitroglycerine.  The  enormous  increase  in  the  price  of  glyce 
in  late  years  will  probably  lead  to  a  more  extended  use  of 
method. 
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Ol.i)  Pro(  i;>s. 

1  .(M)  ton  glycerine  at  SolM) I^Oy 

2.7;?  tons  93.")  per  cent.  HXO,,  at  Sl()7  a  ton 293 

I..").")  tons  9()  per  cent.  HjSO,  at  75c.  a  100  lb gg 

\  ield  2.20  tons  of  nitroglycerine $861 

Cost  per  ton ^02 

Nkw  Procicss. 

1 .00  ton  glycerine $500 

2.7.')  tons  HXO,,  91  per  cent,  at  $104 286 

Al  tons  H.SOj  with  20  per  cent.  S(  \  at  75c.  per  100  lbs.  .  63 

\kU\  2.29  tons  of  nitroglycerine |{.J49 

Cost  per  ton 37j 

Difference  i)er  ton,  $21. 

It  must,  however,  not  be  overlooked,  that  in  the  new  process 
about  one  ton  less  waste  acid  is  obtained,  v>.  hich  will  diminish 
the  sa\  ing  effect  by  about  $8  a  ton.  On  the  other  hand,  with 
the  new  process  the  same  apparatus  will  hold  nearly  20  per  cent. 
larger  charges. 

Ammonium  Nitrate  Exi>losives.—T\\ii  other  class  of  explosives, 
whicii  are  largely  used  and  hence  likely  to  be  of  interest,  are 
ammonium  nitrate  explosives.  These  consist  essentially  of 
ammonium  nitrate,  mi.xed  with  combustible  substance.  As  a 
mixture  one  can  use  either  charcoal,  in  its  various  forms,  such 
as  w()(k1  or  willow  charcoal,  or  an  organic  substance  usually 
nitrotoluene  or  di-nitrobenzene,  or  other  active  and  explosive 
substances  are  used. 

The  manufacture  of  ammonium  nitrate  explosives  is  exceed- 
mgly  simple.  Nitric  acid,  obtained  by  one  of  the  aforementioned 
processes,  is  neutralized  by  ammonia  gas,  the  latter  being  ob- 
tained from  ammonia  water  or  gas  liquor  by  suitable  distilla- 
tion. When  neutralization  is  completed  the  ammonium  nitrate 
is  obtained   by  evaporation  and  cry^stallization.     When  dried 
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and  powdiiid  ii  is  ready  for  iiso,  and  is  mixed  in  the  ri^hl  i 
portions  witli  l\\v  active  iiij-redieiits,  and  suiialily  paej 
Tliese  finislied  explosives  are  exree(linj,dy  powerful,  al)solu 
safe  to  liandK'  as  compared  with  dyn.iniites,  being  also  uiifr 
able.  'Yhvy  an-  spoiled  b\  moisture,  but  are  not  thereby  i 
dered  dangerous,  as  is  the  case  with  dynamite.  If  it  is  wishei 
destroy  them,  they  are  simi)ly  thrown  away  in  moist  groi 
or  sprinkled  with  water.  They  pres»'nt  many  advantages  c 
(Knamites.  The  main  objection  to  their  use,  however.  lie; 
tlieir  low  specific  gravity.  On  account  of  this,  to  produce 
sante  explosive  effects,  they  re(|uire  a  bore  hole  nearly  twice 
big.  The  cost  of  blasting  oi)erations  in  hard  rock,  being  c( 
posed  not  only  of  the  i)rice  of  the  explosive,  but  largely  of 
cost  of  ilrilling  the  bore  hole,  ammonium  nitrate  exjjlosi 
cannot  at  i)resent  compete  successfully  with  dynamites.  I 
in  fact  exceedingly  (l.)ubtful  if  any  material  will  ever  rei)lace 
use  of  nitroglycerine,  which  i)ossesses  great  explosive  proper 
in  concentrated  form.  In  soft  rocks  and  i)articularly  in  c 
mines,  lunvexer.  the  use  of  ammonium  nitrate  expjosives 
spreading  with  great  rapidity. 

It  will  depend  on  the  relative  costs,  as  to  whether  dynami 
or  ammonium  nitrate  explosives  will  be  used  in  the  future.  1 
price  of  glycerine  has  nearly  doubled  within  the  bist  year  anc 
steadily  going  up;  in  fact,  it  is  safe  to  say  that  nearly  all  avi 
able  glycerine  '^as  been  bought  up  for  some  yea's  ahead.  If  i 
price  continues  to  rise,  the  (lis  idvantage  regarding  cost  betw( 
these  two  classes  ol  ex[)losives  will  tend  to  disa|)pear.  It  1 
been  calculated  that  the  price  of  glycerine  will  have  to  be  doub 
before  ammonium  nitrate  explosives  can  compete  on  an  eqi 
basis.  A  class  of  dynamites,  however,  which  is  already  !arg( 
used,  are  the  anmionia  dynamites,  such  as  monobel'  Th( 
is  no  doubt,  therefore,  that  wit'  the  increase  in  the  ])rice 
glycerine  the  amount  of  ammonium  nitrate  ailded  will  be 
creased,  and  in  this  way  the  balance  struck  in  the  relati 
prices.  When  pushed  to  the  limit,  you  will  see  that  this  v 
lead  to  the  use  of  only  ammonium  nitrate  explosives,  that 
when  the  price  of  glycerine  has  become  too  high. 


It  must  also  n„t  he  f(,r«.,tteri  that  this  rHativt-  (hsadvantaRe 
(li|.in(ls  also  on  thr  prict-  «,f  ammonium  nitrate.     With  chraiHT 
"uthods  for  its  manufacture,  the  use  of  ammonium  nitrate  will 
.on>tantly  nurease.     This  is  already  the  case,  and  Narious  new 
l.n.cesses  to  cheapen  the  pHnluction  mav  shortly  be  expected 
N.nu-  of  these  processes  are  Inisc-d  „„  the  manufacture  directiv 
trotn  sodmm  nitrate  and  ammonium  salt.    Their  success  depends 
"ti  the   fact    that  li,e  cost  of  nitric  acid  in  the  form  of  s<,dium 
nitrate    is    about    two-thirds  of   that   of   the   nitric   acid   itself 
Processes,  therefore,  whi.h  can  effect   this  manufacture  easily 
will  supplant  the  preparation  of  ammonium  nitrate  from  nitric 
a.id  and  ammonia.      A  cheapening  in  the  price  of  nitric  acid 
itMit  IS  also  heuiK  effected,  the  latter  being  obtained  on  an  exer- 
nureasniK    scale    from    atmospheric    nitrogen.      Huge    plants 
totaling  ui)  to  half  a  million  horsepower  are  already  in  course 
of  operation.    Their  main  i)roduciion,  of  course,  is  nitro-fertilizer 
tor  agricultural  purposes.    Another  saving  which  may  be  looked 
.or  IS  in  the  synthetic  production  of  ammonia,  and  when  this 
also  comes  the  price  of  ammonium  nitrate  will  be  still  further 
reduced.     The  tendency  in  the  manufactur-e  of  glvcerine,  on  the 
other  hand,  is  for  less  and  less  to  be  produced. 

.Safety  in  Manufacture. -The  appalling  frequency  of  accidents 
in  powder  works  drew  attention  to  the  dangers  of  manufacture 
and  the  various  governments  of  the  world  looked  around  for 
means  to  regulate  conditions.  It  is  to  the  lasting  credit  of  Sir 
\ivian  Majendie.  H.M.  Chief  Inspector  of  Explosives,  ihat  he 
in  IS/.),  created  the  British  Explosives  Act.  which  has  since 
been  copied  and  adapted  by  nearly  all  civilized  governments. 
As  you  know,  Canada  also  is  contemplating  the  adoption  of 
such  an  Act,  and  hence  some  of  the  considerations  for  safety  mav 
prove  not  uninteresting. 

However  safe  an  explosive  is  said  to  be.  and  however  much 
hanaling  and  other  risks  it  may  be  exposed  to  without  danger 
It  must  not  be  forgotten  that  the  object  of  an  explosive  is  to 
exi)Iode.  Hence  an  explosive  can  never  be  said  to  be  absolutely 
safe  under  all  possible  conditions.  In  the  case  of  dynamites  or 
nitroglycerine  explosives,  their  chief  defects  are  the  liability  of 
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the  nitronlyririm-  to  exudi-  in  nmlact  with  moisture;  they  an 
fairly  liaMc  to  ignite  by  friction  or  lu-nussion,  and  first  ant 
foremost  they  are  liable  to  freeze.  In  this  hitter  lomlition  thej 
are  excessively  dangerous.  Kven  so-called  non-freezabl( 
dynamite  will  freeze  at  a  temperature  below  '.iii°  F.,  and  if 
when  in  this  condition,  the  frozen  dynamite  is  broken  or  crushec 
between  the  finders,  the  friction  set  up  between  crystals  of  thi 
material  and  part  of  the  litiuid  nitroglycerine  is  apt  to  give  ri» 
to  an  explosion.  The  advantages  of  dynamite  are  that  it  i 
plastic  and  can  be  easily  adapted  to  the  shape  of  a  bore  hole 
In  the  case  of  ammoi\ium  nitrate  ex|)lo>ives  thev  are  easier  an( 
safer  to  manufacture  and  less  dangerous  to  handle  and  store 
likewise  they  do  not  freeze  and  are  not  readily  ignited  by  fire 
When  ignited  no  explosion  results.  Their  disadvantages  ar 
that  they  recpiire  a  larger  detonator,  and  are  not  able  to  adap 
themselves  to  the  shape  of  a  bore  hole. 

I  will  brietly  mention  some  of  the  accidents  which  may  occu 
in  the  manufacture  of  explosives,  and  this  will  show  the  need  fo 
a  rigid  system  of  factory  inspection. 

All  buildings  should  be  adequateK  protected  against  lightning 
although  how  to  do  this  is  a  matter  of  very  great  difficulty, 
shall  deal  with  this  point  again  later  on.  It  has  happened  oi 
several  occasions  that  during  the  drying  or  handling  of  expic 
sives,  electric  s|)arks  have  set  fire  to  them.  This  source  c 
danger  is  ever  present  in  the  so-called  drying  houses  for  gur 
cotton,  where  this  material  is  spread  on  flat  trays,  and  a  cuiren 
of  warm  air  is  blown  over  it.  The  friction  of  this  current  of  ai 
generates  static  electricity,  and  in  time  a  spark  will  pass  from  th 
powder  to  the  lead  walls  of  the  chamber,  and  cause  an  explosioi 
Modern  drying  houses  therefore  are  provided  with  means  fc 
conducting  away  the  electricity  into  the  ground.  Again  it  h;i 
hai^pened  that  in  reeling  strands  of  cordite  on  a  drum,  a  frictio 
of  the  strands  between  the  workman  's  fingers  causes  the  lattt 
to  become  charged  with  electricity.  Since  workmen  in  e> 
plosives  factories  wear  rubber  soled  shoes,  this  electricity  coul 
not  leak  away.  On  the  workman  dipping  his  hands  into  th 
bowl  of  acetone  a  long  spark  passetl  and  ignited  the  aceton* 
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III  (i)ii>cc|iu'iic«'.  ii<)\\.i(la\s  copiHT  iiM'l>  .ire  put  iIhouijIi  tin- 
M.lc  «.|'  wurknuii's  sIkh-s,  wliicli  KmiI  ,i\\.i\  ilic  fliciricilx  iiiio 
ilic  It.id  floor.     Iiist.inci's  like  tluM'  could  lie  imilliplicd. 

Xnollicr  most  iin|)oitanl  <  <>ii>idrnilioii  i>  ilir  ( (in>trn<lion  of 
ilir  (\plo>i\cs  huildinns.  It  is  usual  foi-  cvpiosiv,.,  |)uildin:<s 
oi  d.mj^cr  huildiiiKs  to  he  >urroiMidcd  li\  li  ^;li  mounds  ,,[  fartli. 
The  oi>ic<l   of  lliis  is,  thai   slx.uld  ,iti\    iiuildiiiy   Mow    up.    titc 


1(  l)iis  could  oiil\-  Ih'  tlin 


u.i\s,  into  otliiT  biii 


ildi 


>\vii  MTticalK    upward 


111(1   not    sKJr- 


Il^s. 


It  a  (linger  huiJdiny  is  made  o|  ti 


-nlK 
|IM( 


I  a  construction  and   the  solid  dchris  tlirown  alioul.  it    will 
lil\    pcnttrati'   other    liuildin^;s   and    c\i)l((dc    these    in    iheir 


I  urn. 


I  his  has  therefori-  led  to  iuipro\  I'inents  in  const 


ruction, 


a    iinxture  ot 


'lie  proposd  lia\ini;  been   to  l)uild    tln'  walls  of 

,in<l  ,uid  concrete,  in  such  proportions  iliat  on  explosion   lliev 


in-  !)iil\  eri/ed 


l"! 


lis  IS  the  case  m  .\iistria. 


Intil 


a  lew   \e.ir; 


a.;o  .Ml   buildings  had   to  he  iiroxided   with  .idecpiale  lii;htnin'. 
I  "ndiictors.     Tlu'  dit"ticiilt\   la\   in  tlie  term 


ide(|naie 


II 


OW- 


.  er  ln'(|ueiitly  li.uhtninj.;  conductors  are  tested,  th( 


;o    WToIly,    aiK 


\   .ire  apt    to 
h 


I  they  ma\-  }j;o  w  roiit;  witliin  a  few  hours  after 
h.iviiii;  JH'en  tested,  and  in  that  case  ln'conie  not  onK  useless 
I'lit  a  ^ri'at  source  of  dan^HT.  It  had  then-fon-  become  the 
practice  in  man\-  countrit-s  to  re(|uire  thi-  building  to  be  enclosed 
in  a  sort  ot  I'aradav  caj^e,  i.e..  a  network  of  wires  was  struiiii  on 
poles  ii\u)\v  thi'  building.  In  some  otiur  cases  the  building 
i-  m.idi"  of  ferroconcrete,  the  iron  l.ittitx-  work  in  the  con- 
creti'  itself  forming  a  sort  of  Karada\-  cage.  To  i)ri-\("nt  the  roof 
beini;  i)enetratcd  by  debris  from  other  buildings,  it  is  made 
double,   so  that   a   |)iece  of  debris  is  uidiki-ly   to  lunetrate  the 


a\er  of  sane 


l)et 


ween. 


Ph 


e   latest    construction   war 


died 


pul)- 


in  a  iJajH-r  after  my  father's  death.      The  ferroconcrete 


construction  of  the  walls  remained  the  s.mu'.  but  the  roof  is 
built  of  two  sets  of  rafters,  covered  with  e.\i)anded  metal,  wire 
netting,  or  such  like.  On  dropping  an  eighty-pound  lead  weight 
trom  a  height  of  seventy  feet  on  to  such  a  roof,  the  I'xp.tnded 
metal  stood  the  shock  beautifullv,  onlv  oiu 
It  is  therefore  obvious  that 


di  1 


e  mesn  lieing  hroken 


kei 


in  case  of  accident,  such  a  building 
would  be  absolutely  safe  against  flying  debris.    When  proi)osed, 


iil 


lilt  idt.i  W.I'  (|uiit  IK  w  .  .mil  uicii  <  ntlii  i-  tint-  in  ilif  ( icriu 
(  iiPM  limit  Ml,  wliii,  |H  r-n.itlcd  li\  iiu  t.iilnr,  L;.i\f  |)«rnii>-'ii 
loi  ii-  .i(!i>i>iii>ii  1)11  .1  l.iiy  -i.ilf  ill  ll'f  itliuililiii^  nt  .1  l.ir 
i.Klmv.  Ii  li.i-'  likiv  i^'  litfii  iiuiititl  liiat  llif  (li-'.i^ln>iis  ftYi 
If!  iln  -lici.U  (il  .111  i\|)l(i^i(>ii  i^  ii^u.ilK  iliif  111  il>  tr.iii-ini>si 
iliii'iivli  thf  L.riiiiii(l.  To  inilii.iic  .iv;,iiii-i  ilii-.  tlif  lloor  i>l  t 
Idiililini.;  i-  luiill  <i\tT  ,1  'ndlow  pit.  air  Imltx  i-oiiiimmif.ilinn  wi 
ilif  iiiiiii  .iir  riif  I  in  lc>-«(l  ,iir  tlicrttorf  .k  i->  •i-'  .1  ImlltT,  a 
ilu-  -li.itk'l  iIh  ispln-iidi  ilin.imli  ilif  '.inMiiKl  i■^  .irri  >U(I. 
-.ilr-ii.iiil  111-  iiiiiMiiv  ,  ni\  t'.iilitr  t'lok  I'lii  ,1  p.iltiit  in  l-.ii^la 
l<ir  tlii-  I  iiii-iniciiiiii.  i)iii  i\prf--K  ^i.iifd  in  lii-  ptr-iluimc 
p.ipff  lli.ii  111  allowcil  t\ir\iMi(l\  lo  u-r  tli,  (liMuin;;  .mil  ft 
-^I|■ll(•li<>ll.  trif  1(1  ,ill  liiiiiti  lie-,  >i'iff  lie  (l"t  iivil  it  lii>"(liity 
liiitlin  .mviliini;  i!-..ii  would  Ic.nl  |<,  the  .iift\  ol  ilu-  uurkiii 
iny.tc<d  in  llif  indii-li>.  M\  hndluT  .iiid  I  will  tai"i\  out 
u  i-lif. 

■yVs//,/'^  i'mllf/iis.  \iiii  .ill  know  that  in  iuMri\  cM-rs  fimni 
tilt  If  i-  ,1  li->t  ol  M.-i  allfd  pt  rniittt'd  f\plt>-i\  t  --.  TIu'm'  fxplosi' 
li.ivt  lirtii  (.iriliilK  tA.miiiud,  Imih  tiifiniralK'  ami  pr.itlical 
li\  ilu  t\pl((-i\f^  ad\i-rr-.  Thfx  aii-  itsliil  for  >tal)ility,  i 
ol  ilu-  lii-i  if-l>  ln-in-^  ilu-  l'.tmou>  hrotmi-iiik  test,  .mtl 
si!<-l\  a;c:ain-l  iV. f-d,iiiip  or  ;<aM->  in  inini--.  riii>  1  ittf-  i>  ac'-n 
plight  d  li\  tirini;  a  tliari^t-  of  iIk'  i'\plo-'i\i'.  ^-cpiixalfiit  in  lo 
lo  1  o/,  o!  d\  namiti-,  from  .1  mortar  in  a  so-cilk-d  totiiiiLt  yalU- 
'I'lit-M-  uallt-rif-  \ar\  in  diaiiuM-.r  from  two  it-t-l  to  m'mmi  li-i-l,  .1 
an-  up  lo  1  ,(>!I0  fi.  loiii;.  riu-\  .III-  1)11  ill  ol  >ti-rl  or  iron,  .uid  111 
with  ,1  miMiiri-  of  i-\i)lo-i\t-  ^a>  or  tiif-ilamp  in  known  jjfop 
lion-.  A  (-v-rt.iin  uumlK-r  of  -hot-  .iit-  tiit-d.  anil  .ui  i'\i)los 
which  r.in  Ik-  lirt-tl  .1  (i-rt.iiu  miml<i-r  ol  iiiiu->.  wiihoul  i-xjjlod 
ilu-  lirt  -(l.imp  mi\lun-.  i-  t'oii-idi-rcd  -afi-  for  u-i'  in  tii-r\  mi 
and  i-  lii-ru-rd.  Suih  a  ^.ilK-r\  i-  pro])o>i-d  to  In-  constnictfd 
('.mad. I,   that    in   llu'  I 'nite-d  Stale--  i^  locili-d  in   I'it l>l)Ur^h. 


I  si:   OI     IMHMUTl  1)    IXIM-OSIM.S 

('.     j.     *  Oil  .     I.S(J. 


Ii  i>  il.iiimtl  til. It  ilu'  tir^t  t\|)lii>i\i'  iixd  in  {'.m.id.i  Icr  the 
c'  tliii^;  (tl  omI  \\.i>  ill  till-  !iiiiu>.  .ii  Sullartoii,  Nii\.i  Scotia, 
now  the  iiroiurts  of  ilii  Xc.idi.i  Coal  ("(Miipaiu  .  Ktronls  show 
iliat  poudcr  \v.i>  in  ii-c  in  tin-  iarl\'  iliirtii'>  ol  tlu'  List  cfiiliiry, 
It  uliicli  time  ilic  liiu'  (»l  -h,tir>  to  ilu'  Koonl  S»miii,  and  known 
I-    ilii' 


"  n  ncnil 


"lUc    I'it->".    l)cloiiv;<(|    to   ant'    wi-n-   ojh  rated    l)y    the 
Minini;  Association. 


M  in\   claims  a-  lo  miniiii;  matters  arc  made  with  respect  t 


pe( 
iliese  old  workitms-    sonit'  no  doiihi   trite,  soim   otherwise. 


lo  whether  the  alto\e  claim  is  cl. 


issed   as   iriu    or  o 


therw 


ise 


I 


ini  iiii.ilili'  to  say  and  lia\i'  not  the  time  to  \erit\-.     The  I'ictou 

<  oiiiitv    Miners'   motto  with   respect    to  mines    .mil    mining  is 

to  ilaim  i\tr\  tliinj;  and  concede  nolhinu — and  we  niiisi  st..n<l 

loi;ether". 

It  is  needless  to  sa\-  that  in  these  modern  (la\sot"  keen  compe- 
iitioii  and  hi^h  rates  ol  «;!;;<■>  some  means  must  'vherever  possi- 
Mei  beemi'loxed  to  reduce  the  cost  ol  production  or  to  maintain 
l>rrM'nt  costs  as  lon^  as  |)ossil)li'.  (irantin^  that  it  is  difficult 
lo  reduce  watio  wlun  oiici'  established,  the  altern.iti\e  is  left — 
!o  increase  production  per  workman.  Anions  means  employed 
are  machines  and 


le    use   ol   exi)losi\es — the    latter   recoj; 


.IS  ,1   means  years  ago,  as  now 
reii-ni   d.ite. 


nizcd 
the  former,  of  comparatively 


Coming  h.ick  to  the  i  ru\  of  liie  matter,  as  intimated  i 


iriel   i)ri'tace,  we  ha\e  liad  e\|)erience  wi 


n  my 


ih  m. 


our   mine 


an 


d   the\-  all  point   in   the  same  direct 


iiu   explosives  in 


ton— use  no 


c\plo>i\e  other  than  a  permitted  one. 


W 


e  wil 


n 


ot  consider  hl.ick  powder,  except   t(>  point  out  the 


re.-^ulls  and  losses  w 


rhich 


were  attendant  on  its  use  in 


th 


e  mines 


>f  I'iclou  ("ouniv.     As  far  back  as  1S40  or  1841, 


mtnir  in  one 


:>(. 


allots 

litat    out    llu 


SoIUf 


il 


,,t  llu-  (.1(1  B\v  Tit-  \va>  l.urm  x.  I'.ullv  l.v  ilic  iunition  "I  ^us  in 
tiring  a  >hn\  ihl.iik  powdir-  iliai  hv  dit'.l  in  a  -liori  while.  It 
wa-  a  (laiK  ...■cunrnrc  vwn  in  thr  nimioiA  ol'  >«)nu'  of  our 
vnun.^rr  niinri-  to  havi-  Urdrf.  of  u-i>  i^nif'l  -'l  t'^'  fare-  hv 
So  coinii'ou  \\a>  ilii>  iliat  wft  caiua-  \va-  provuU'd  to 
llanu'^  aftrr  ^hootiu;^;  ,iiid  in  soim'  cast-.,  wluri' 
this  failed  a  small  cannon  was  l.iken  clo-e  lo  tlu'  tare  .ind  a 
hra\\  charier  set  off  in  ofdir  K.  i\lini;ui-li  Ia'  ronnissiou.  To 
nian\  of  the  iirc-  -o  M.irted  which  \\\vv  not  c\iinKih>hc(l  are 
tiuc  the  nuimiou^  hivs  in  our  niiiu-.  which  haw  lu'in  iiivini-- 
trouble  \nv  vear>  and  have  cuixd  ^nai  io~-  in  proiierty.  I 
|\,1  f.iirK  certain  tlial  niiict\  per  cent,  of  the  hre-  which  have 
occurred  in  the  Stell.irton  Field  were  Marted  hv  hlow.i-oul  shots 
and  h\   the  u>e  of  hlack  powder. 

\e,ir>  a!.;o.  it  was  di-cidid  to  introduce  "Satety  |-.x- 
'.  \n  till'  nuaiitime,  disi  ipline  \va-  heconiinii  more 
riiiid- mining  law-  and  regulation-  lor  the  pre-erxatioii  of  life 
and  proi>ert\  hetttr.  and  .i  marked  chani;e  was  at  ouci^  apparent. 
While  irouhle  had  heen  experience.l  with  workmen  in  intro- 
du(inu  the  safety  t\|)lo-i\e,  it  \va- onK  in  n-e  a  -hort  lime  imtil 
the  chani;i(l  condition-  >o  appealed  to  them  that  a  chan^i'  hack 
\\ould  have  resulted  in  consternation  and  a  -trikt'. 

We  were  not  altot;ether  -atished  with  the  explosive  we  had 
in  ii-e.  for  while  there  wa-  such  a  marki'd  chaniie,  yet  at  the 
same  time  we  would  occasionalK  i;tt  rei)')rts  of  jx.wder  hurnini;; 
in  the  h(.le  and  of  many  missed  -hots,  etc.  We  took  the  (piestion 
up  \ii<orously  with  the  jiowder  pe()i)le.  hut  still  had  complaints 
from  miners,  who  were  hec(miin^  more  jiai  icular  as  regards 
results,  hoth  from  the  standix-int  of  safety  .md  etticiency. 

We  then  decided  to  try  explosive>  which  were  on  the  iicr- 
mitted  list  of  Creat  Ikitain,  and  after  month>  exiKnmentint; 
with  different  explosives  conducted  hy  experts  from  sexeral 
difTercnt  conci'rns  who  were  seekint:  the  Inisiness,  decided  u|Am 
a  certain  one  which  was  put  in  our  Alhion  Mines  and  AUan 
Shafts,  with  the  hest  of  results.  So  far  as  reports  from  officials 
and  workmen  are  concerned,  we  have  had  no  co-  'tints  in 
regard  to  this  explosi\e  since  its  introduc  lion. 


•■>/ 


This  stateim-nt  must  he  (iiialitii'd,  howfviT.  iiiasnnuh  as  while 
\WiT.  is  triR'  of  the  explosixt"  wi-  use  as  luaiuilactured  in  England 
iiiulcr  the  "  KxplosiNcs'  Art",  it  is  not  true  of  some  which  w.is 
-wi)i)lii(l  from  Canadian  works  havint;  the  rigiit  to  manufacture 
tin-  same  brand.  Wiiile  we  had  i'\er\  assurance  that  it  was 
identically  the  same  powder  (and  person. dl>  I  think  it  was  as 
tar  as  composition,  is  ci^-ic  i-.v^mIi,  'mmediatcK  it  was  put  into 
u>e  comi)laints  from  W(  knun  and  ofticials  began  coming  in, 
.ihhough  the>-  did  not  k  ov,  tliat  a  c'.Mnge  iiad  been  made.  I 
then  lore  decitled.  after  t.'.ing  to  ha\c'  the  trouble  located  and 
■iiforiling  eviTV  opportunity  to  bring  it  up  to  the  imported 
-taiidard,  to  permit  no  exi)losivi'  in  our  mines  other  than  that 
manufactured  under  \\u-  "  ICxplosixes'  Act  of  Great  Britain" 
and  on  the  "rermitted  List".  We  were  led  to  the  conclu^ion 
that  our  workmen  weie  interested  in  their  safety  to  such  an 
exu-nt  that  the\-  no  longer  were  willing  to  take  an\-  risk  whatever 
that  might  lie  in  the  powder  ihey  were  usutg — and  from  every 
l)(iint  of  view  I  agree  with  them. 

ShortK  after  we  adopted  this  explosive,  we  took  up  the 
(luestion  of  dis])lacing  black  jiowder,  which  was  still  in  use  at 
one  of  our  collit'ries,  where  the  seam  is  low,  the  coal  hard  and 
(lr\  and  where  it  was  claimed  by  our  miners  that  no  pcnvder 
other  than  black  powder  would  give  results.  As  stpiibs  were 
in  use,  one  miner  in  each  working  face  and  holding  a  Shotfircr's 
(irtitic.ite  under  the  Mines'  Act  of  Nova  Scotia  was  given  an 
unlocked  safety  (?)  lamp.  This  was  also  a  condition  we  were 
(Ksirous  of  getting  away  from.  As  is  usually  the  case,  proper 
discii)line  with  resjject  to  conditions,  aside  from  shooting,  is 
not  possible  where  black  powder  is  in  use.  These  were  all 
combined  in  our  decision  toward  the  introduction  of  a  permitted 
explosive.  Representatives  of  the  miners  were  met  and  assur- 
ances given  that  the\-  would  be  the  gainers  b\-  the  change,  and 
tlu'  i)rediction  made  that  oner  they  became  accustomed  to  the 
Use  of  the  new  explosive  the\  would  be  the  last  to  consent  to 
a  return  to  blai'c  powder,  (irumbling  assent  was  given  to 
making  a  fair  tri.d;  and  while  there  were  complaints  for  a  week 
or  so  they  gradualK'  dropped.     As  a  result,  within  a  short  time 


tlu-\'  ciiiilil  iKil  1h'  indiiccd  id  i;i>  ImiU  Id  lil.uk  uowdtT.  NO 
ri'i'ord-'  were  cmt  kipi  d  n--uli>  .il  ilu-  niln  |-  miiio.  Imi  at  tills 
particiiiar  mini  CMnrii  uliirn-  aiH'  k(  pi  iinnitliK.  An  a\craiiC' 
for  tinii'  year-  i-  a~  lollow  ■•: 

l.lis.  powdrr  1)1' I'  l(Mi  of  coal lil  ,i  k  I'oudtr,  2S'  ,  nioiv 

("lot  luT  t.Mi  of  co.il    nia(  k  1)o\v(Ut.  f'_"  ,  more 

Coal  prr  j)oinnl  o;  prwdcr i^lack    powdrr,   -S'  ,    less 

Dithrcncc  in  co^i   lo  miner  ])er  ton  r.l.ick  ])o\\(ler,   "i  c  more 

makiriL;  ,n\  a\ira,L;e  daiK  yain  to  tlh'  miner  in  jiowdi'r  of  1(1  e.  per 
day  hy  tlie  iise  ol  liie  i)ermilti'd  e\i)!o-i\c'. 

It  i-  not  within  the  -lope  of  this  paper  to  j^o  into  the  (|iiestioii 
of  the  \\a\-  and  m-'an--  to  \n-  adopted  tor  i>roeurini;  rules  and 
rei;iilation>  in  eoiiiuTtion  with  ])ermi;!ed  e\pl"-~i\(--  in  ("aii.ula 
or  in  each  pro\  ince.  as  the  ea>e  tna\  he.  Bn'  I  .im  et  it, tin  better 
resull>  would  ohtain  lioin  ^omc  sort  of  -uoima  i-ion  o\  er  th-.' 
inamilaeltin  of  e\i)lo-i\c-  to  in-iir'  ue.itormilN  in  (jiialii\  an<l 
to  li'»en  danger-  -^iiridtindiniL;  its  ti>t'  in  eo.d  mines. 

In  many  ol  our  inine>  wi'  are  <;liii;^id  to  le-c'  e\j)io>i\'es  in  order 
to  "uet  '  oiir  coal  eeonomieally  'hi-  heiiiL;  s^rasit'^d,  K'l  u-'  ha\e 
the  lie^i  .md  -air>i.  I'l f-onalI\  ,  ,  do  not  think  an\  of  them  ari' 
.v(//r,  nor  do  1  think  makir>  would,  el.iim  -o.  Hut  if  tluTc  an- 
any  mian>  wherehy  the\'  ma\  l)e  hroui^ht  iij)  to  tlu'  same  >t,in- 
dards  ,is  ate  re(|uiri'd  in  (ireat  iirilain  and  on  the  eontiin-nt  here 
in  Canada  let  u>  h,i\e  them.  It  not.  tluii.  ^o  tar  ,e-  wf  are  eon- 
cenied  with  oui'  hery,  dust\  mines,  we  will  ohtam  our  e\plo>i\'i' 
where  we  ai\  -up'  the  re(|uiremeiil>  warrant  us  in  the  belief  ihal 
surii  standard-  ,ini-t  Ix    m.;iiiiaiiu'<!. 


lIMSmx;    MATI-KIALS    AM)    THI.IR 
IDI-MIIICATION 

Al.FKKI)  Bt  klON 


The  iinprc^naliDii  of  cottc*!!  with  finishing;  nritiTials  (>rri!|)i(.-> 
a  most  im])()rtant  l>ran(li  ol  tin-  tinishini:  of  rottoii  fabrics  and 
varns,  l)Ut  hcfori'  ^n'ma  into  tlu>  details  of  the  art  a  rca>()nal)l(' 
knowledKi'  of  \hv-c  matt-rials  is  a  most  advanta^wns.  nay.  even 
a  riHiuisitc.  un>ii"*liiiK  '"^  obtainini;  a  dear  insii^ht  ai.l  undc  r- 
-landin^'  of  this  importatit  i)ractiiv  of  the  cotton  finis!   -r. 

These  materials  may  he  defined  as  organic  and  inorganic 
-uhstances,  either  forming-  the  body  of  ilie  finish  and  building 
up  the  handle  of  the  goods  or  as  additions  to  the  finish  to  pro- 
duce some  i)artictilar  (luality  as  it  m.iy  be  recpiired  to  In-  im- 
parted thereby. 

Thev  may  suitably  be  divided  into  two  tlasses:  those  whicli 
upon  boiling  with  water  form  a  i)aste  which  dresses  the  out-ide 
of  the  fibre,  and  those  which  with  water  form  a  viscous  solu- 
tion, which  wholU  or  in  t)art  may  impregnate  the  fibre  itself. 
This  general  classification  does  not.  howexer,  exhaust  their 
number,  there  being  those  that  are  insoluble  in  water,  but  are 
used  .IS  additions  to  the  two  above  classified  combination>  for 
tlu-  purpose  of  imparting  some  cssi-ntial  recpiirement :  ~uch  as 
to  render  the  goods  softer  and  more  pliable;  to  gi\e  a  gre.iter 
or  lesser  lustre,  for  the  purpose  of  adding  weight  to  the  labric 
or  yarn:  or  for  the  prevention  of  mildew  and  inll.immability : 
while  lastly  there  comes  into  consideration  the  addition  of  dye- 
stuffs  and  pigments  to  maintain  the  original  color. 

The  most  important  group  is  the  first  one.  containing  the 
substances  forming  i)astes  of  which  the  different  varieties  of 
starches  play  their  individually  characteristic  r6les.  They 
are  obtained  in  large  measure  from  the  vegetable  kingdom, 
chiefly  from  seeds  and  tubers,  also  in  the  organs  of  plants 
containing  the  seeds  of  germination.     The  number  of  >larche5 


4(» 


'n 


I-   iliirfforr   \ii\    >;riMt.    iii'MTllu'lfss  on    the  olluT  liaiid,     "iK- 
.1  roiiiiMiMliMK    k'w  t'liid  imivcrsal  ,ii)i)li(ati()n.     Tlu'  pri  il 

(iiioi'l  tin- tiroiip  .iri'  wheat,  potatu.  inaizc.  and  ricf  stashes. 
The  Manhfs  of  coinnu-nr  an-  iMtlicr  la>tc'lcss,  odork'ss  pow- 
dcr>.  or  Irnmil.ir,  white,  e.isiK'  l)reak.il)lo  pieces,  iiisohible  in 
cold  w.itiT,  al(o!-,ol  and  ether,  hut  swi'U  ni)  in  warm  water, 
forniini;  .1  pa>le.  'I'hi'  teniiH-ratiire  at  whicli  swelling  oecurs 
\arii>  wiili  the  ditft  ri'nt  st.ir(he>,  <■.(,'.,  potato  starch  at  llo 
deiirei'^  i"..  and  sai;()  at  alu.iit  l.')0  de^ri-es  F.  A  continuation  of 
tlu'  lie.itini;  c.m>e>  thi'  >tari!i  uraniik--  to  sjiht  up  .md  form  with 
w.itir  from  a  cKar  to  a  turbid  iua>s,  hki-ued  in  some  ri'spects  to 
,1  >ohition  mori'  iivner.dl\  <ieM  ribed  as  a  i)aste.  The  different 
starche>  biha\i'  in  iliis  ropeci  b\-  no  means  ahke,  sliowinji;  the 
t^reatest  di\cr>enes>  in  tlieir  sohibiht\  in  liot  w.ilir.  Of  the  best 
known  >tarclies  potato  ^tarcli  is  the  most  readily  S()Uil)li'  and 
the  roultant  paste  i^  neari\  tnin>i),irent .  Thi'  paste-forming 
and  tliickeiiinji  jiower  i>  in  in\er>e  relation  to  the  solubility, 
tile  rtadiK  soluble  i)otalo  >iar(h  thickt-ninj;  the  least,  and  mai/e 
starch  tlu-  most-  thu-'  maize  starch  produces  the  stitfest  result 
as  an  ingredient  in  tlu-  tini>hinsj;  >ize  and  potato  starch  the 
softest. 

A  ^ood  st.irch  that  is  a  re(|ui>iti'  for  tinishini;  purposes  should 
be  as  free  a>  po»ible  from  gluten.  Most  flours  contain  besides 
starch  .dso  from  six  to  t(-n  jier  cent,  of  .gluten,  the  presence  of 
which  c.uisc->  the  tlours  to  iii\i-  with  hot  water  a  pasti'  cpiite 
dilt\-rint  in  its  i)ropertii->  from  that  obtaiiu'd  with  the  corre- 
s])on(linjL(  st.ircho,  c.;,'.,  wh(-at  and  rice  flour  ^Wv  a  jiaste  much 
stiffer  and  rojjv ,  also  mort-  readiK  di-comjiosed  aiul  more  prone  to 
turn  mould>  than  the  s.ime  starciies.  Both  theorv  and  i)ractice 
have  recorded  the  propt-rty  of  .1  paste  made  from  potato  starch 
to  attract  moisture  in  ,1  comparatively  short  time  after  c(K)ling 
causiuij  a  loss  in  adhi->ive  (|ualit\-,  the  cheaper  potato  starches 
beini;  therefore  suitable  for  combination  with  wheat  starches, 
ji-ioducinsi  under  heat  a  tliin  tlowinj^  paste,  which  on  cooling 
becomes  (piite  hrm  and  will  withstand  the  action  of  dilute  acids 
for  a  considerable  time.  Rice  and  maize  starch  give  a  clear 
thin    paste,   which   on   cooliuij   becomes  gradually   thicker  and 
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inii>.ir  IS 
>larrlii's 


stiff   f.ni>li   i)raftirallv   liki-   unto  whrat    and   iM.tato 


The  (liffc'U'iH   llours  art.'.  nv\ 


■rllu'k->s,  lar^H'K    employi-d  not 


TV  ^ciK-rally  for  i)ifif 


nooils  1)U<.  oi 


till'  ollu'r  hand,   very 


frecuentlv  for  varns.  espcTially  whe.i  it   i>  deMred   lo  oh  a.n  a 
lull    handle    and    a.ld    weitjhleninK    malerials.       1  he    adlu-Mse 
properties  of   the   flour  serve   to  hind    the  nuneral  we.Rhtenn,^ 
'  uhstanees  better  with  the  thieke.unK  materials  on  the  one  hand 
and  with  the  fibre  on  the  other.     \^^  such  means  ai   e.«ht  ounee 
fabric  may  be  ^aiaranteed  to  contain  only  four  .mnces  ot  rott..n. 
Starelu's  m.,v  al>o  be  ma.le  into  partes  in  eonjunetion  with 
soda  Ive  and  at  tlu-  usual  temperatures,  and  may  thus  be  ..^ed 
as  a  ^roumhvork.  alon,<  with   other   fmishin,,'  material.,  to  pro- 
auee    I  pa^-i'  which  will  neither  turn  sour  nor  promof  mouk  . 
and  will  ^ive  as  stiff  a  finish  as  can  be  produced  with  >tarch 
pastes.      Arrow-ro..t,   sa^o.   and   tapi..ca   Marches  are   also  met 
with   in   commerce. 

The  second  un.up  comi.rise.  the  mucil.i^inous    substances  of 
which   the  best   known   is  ^nim  arable,   though  of  very  limited 
usefulness.     The  bv   far  most   important   bodies  ot   this  ^roup 
are    those    starches'  obtained    by   the  process  of  n.astlnK^  such 
as  dextrine,  the  most   im,)ortant  member,  the  operation  be. nj, 
carried  out  at   varvin^  tem,H-ratures  from  210  <le^rces  to  2Sl 
decrees  C     Dextrine  coiiu's  on  the  market  in  various  dcKrees  ot 
color  from  a  cream  to  a  dark  brown.     It  is  readily  soluble  in 
water     uivin^   a  svrupv  >ohiti<.n  of  similar  color  to  the  quality 
:;:il.  ui  daier  <.nes  of  course  bein,  onlv  useful  for  ^|ark  color. 
The  lightest  in  color  is  ..btained  from  potato  starch.     British 
gum  is  made  from  rice  or  maize  starch  and  is  ot  a  ,old-brown 
color,  and  the  d.irkest  in  color  is  trom  wheat  starch. 

There  are   also   the   >o-called   soluble  starches,  or  dextnnes. 
made  bv  using  weak  solutions  of  the  mineral  acids  during  the 
..  .:„  ..c  .1,..  .,  ,r,.lw.<      The  next   most  important  members 

11-knowi 


of  this  group  arc  the  glues  and  gelatines,  both 


pro- 


ducts, which  in  at 


give  to  the  goo< 
a  greater  or  a 


■cordance  with  their  physical  characteristics 

bodv,  and  in  relation  to  their  strength 

Thev  are  of  animal 


:1s  a  cert.un 


lesser  degree  of  stitYness. 


i-2 


iinuiii.    intrnm-iKni- 


,111(1  tluTrloic  likr  the  (L^lutcn-.  inclined  In 
lironioir  mould,  and  a--  -.onn-  lifadi-- of  lihu-  liaxc  not  an  .ilt(»- 
t;itlur  i)li'a~anl  ixli.r.  cm-  nuisl  nrrds  In-  c-\LTci-<c'(i  in  t'u'ir 
cniplnvnicnl  a-  addition-,  to  tlu'  si/c.  Other  iniinl)ets  are  Tra- 
L;a(anlli,  I"la\-Mcd,  Icelaml  nio-^.  Cara^iheen  and  similar  plant'* 
lormiiiL'  witli  water  a  ;^ilatinous  ma--^.  wliieh  are  uselul  addi- 
tion- lor  -ofieninii  the  lini-h.  Other  Hub-i.mces  used  largely 
lor  the  purpo-e  of  -otieninu  are  >oaps,  I'lt-^.  olive  oil,  ca'-tor  oil, 
turke\  red  oil  or  -ulphated  oil,  p.iralTmn  and  i^KceriMe.  Tlu'se 
<iili-ianri  •  are  not  used  alone,  Imt  mereK'  .is  .idditions  ,ind  it  is 
eii-tomar-.  to  ii>e  i  cert.iin  amount  ol'  rhalk  or  mai;iu'-ia  at  the 
~ame  linu'  ih.it  tin  -e  additions  ,ire  made.  'I"urke\-  red  oil  and 
-Krerine  should  onl\  be  ,iddi  d  in  vcrv'  -m,dl  projioriions, 
owinu  e-iieei.ilK  to  the  In  i;ro-copic  n.itnre  ol  the  latter,  that 
o\ir  .iddiiion-  \\:.uld  impart  a  clamnu-  t'etl  to  tiie  l.dirie  whicli 
woidd  lu    niovi   unde-ir.ilile. 

I'or  tl\e  iieii.irtin-  ol"  i;l.i/e  or  lii>tri\  -ueh  -uhst.mce-  a-,  the 
\\,i\es  ,ire  lirouuhi  into  pla\  ,  :..;eneralK  .ijijilied  in  coniunelion 
with  -o.ip  or  oMier  m,iterial>  of  ,i  softening;  nature,  esjiecialK  if 
the  u<'od-  are  ultimately  to  Le  lustn-d  or  i;l,i/t'd  liy  meaes  (,t  the 
(,diiid,ir.  Occasionally  horax  is  m.ide  u>e  of  for  the  same 
puri)os(  .  To  ol)iain  weight  and  tidness,  re-ort  is  h.id  to  such 
materials  a--  .iddilion  atiiuts,  as  cliiiia-clay,  talc,  kaolin,  chalk, 
b.irvti's,  mat;nisium  cidoride  and  ■  ]> -oni  salts. 

To  prtnont  mildew  the  foUowiniL;  substances  are  useful:  sali- 
c\  lie  acid,  bor.icic  acid,  itheiiol.  and  zinc  chlorides  and  sidphates, 
which  latter  at  tlu-  same  time  add  wei.i;ht. 

Occasion. ilh  cert.iin  dxcs  and  piL^iuents  ari'  m.ide  Use  ot  to 
maintain  the  tone  .iiu!  dei)th  of  dyed  cloths  and  ]ire\ent  a 
liv^htenint:  of  the  color  which  .i  Iumx  y  colorless  si/e  would  be 
inclined  to  imiKirt,  the  most  important  beiui^  lou;wood.  turnu'ric, 
and    ultramarine. 

H.ninii  now  completed  a  general  survey  of  the  materials 
used  and  noted  their  chief  characeristics,  the  examination  of 
finished  cloths  for  tlu'  i)urpose  of  identifyini:  the  materials 
incorporated  in  tlu'  fabric  may  be  taken  up,  which  from  a  strict 
chemic.d    standpoint    pri'sents   to    the   finisher   a    more   or   less 
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,,,^,  ,„,,.luetio-,  ot  r.a.i.lerable  <U.>t.  The  water  rontent  mav 
1,,  arrive<l  at  bv  ratting  a  >,nall  piere  off  the  «o.k1.  ,n  ,,m;^t.on. 
„f  (letertniaed  .linun-ion.  ati.l  weight,  weighing  ati.l  drying  .n 
tlu-  usual  drveha.nber  until  the  w.^iiJtt  berotne.  constant  1  He 
.litlerenee  in  weight  i>  the  water  n.ntent.  The  knowle.lge  o 
,lu.  amount  ot  water  prex.tt  i^  ...tlv  romparat.ve  y  u^Hil.  H 
.ives.  however,  >ome  idea  of  the  romnoMt.on  ol  th.e  m^^';  '-Pe- 
nally as  to  the  >tanh.  whirl,  i^  verv  hvgroxopu-  even  hke  tlie 
fibre  itself. 
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ight    represents   togetlier   ihe 
i>iure.     The  difference 


incorporated    maH'rial- 
belweiu   the   total   lo>s  and 


ilreadv  <ibtaim'i 


1  bv  the  tirsl  test,  give- 


re( 


lieiit-  inii)loye<l.     T.    determine  appioxi- 


malely  tlie  weig 
of  likedimensioii! 


-ht  of  starch  present,  tai<e  .i  ilnnl  i 
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t  material 


to  the  two  pri'\  iou>  one>  an 


d  treat  at  a  temper- 


it  ure  of  'M)  to  40  degri'es  (  .  i 
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for  M)me 


time,   wash   m   c 
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(1   water  .inc 


1    weigh    as   before.      Mineral 
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means. 

For  the  determination  of 


1  insoluble  >oaps  are  not  removed 
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obtained  by  y)oiling  in  c 
This  solution   will   cont.un 


listilled  water  must  be  further  ex.imme 


Union 


anv   starch,   dextrine, 
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jr.  if  .tnv,  in  suspension. 
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Kill 


iT    tllC    -'(lull' 


ind  (Dncfin  r.iic  .1  ^m.ill  iioilimi  l>\  lA-ipora- 


timi.      A  MH.ill  (Iroj)  of  iodine  >oliiiioii  will  i:i\c  .1  hliic  toloiMlioii 


li  -t.irili 


prr-iiil : 


lioiild  1  In  re  l)f  IK 


I  color  rcMitioii,  coiilimic 


llir  (X.ipoiMiioii  to  I'lirtlur  idiiciMiir.ilioii  .md  add  two  or  tiirrt.' 


tlllK': 


It-  \<) 


lunu 


>f  alcohol  .111(1  disx)l\o  in  hot  distilled  w.itcr. 


roiu  thi>  Hiiiiiion  llu'    prcsi'iicc  ( 


if   lillH 


and  m 


lat 


UK'S  inav 


1. 


dclccU'd  l)V  prt'cipit.itioii  upon  tln'  addition  of  a  tannin  dilution, 
while  on  the-  other  hand,  Kiinis  and  de\trine>  are  not.  To  dis- 
tiniLiui-h  between  v;iiiii>  -I'l'l  de\trine>,  recourse  is  h.id  to  thi' 
poiaii-coi)f  i)e\triiU's  turn  tin-  i)laiu-  of  jxilari/t'd  li^hl  lo  the 
ri!L;hl  <nid  i;mn>  to  the  left.  If  both  are  ])ri'SiMit,  tot  with  b.isic 
acetali'  of  lead,  which  at  low  temperatures  separate  out  jiums. 
If  there  i-  no  preciiiilate  evaporate  down  to  dryness  in  .1  pl.iti- 
iiuiii  cruciliie.  .\  black  charred  re-idue  denote-  the  prestMici-  oi 
a  deri\ali\e  of  -onie  plant.  Su4;ar  ni.iy  bo  delecli'd  by  the  usual 
l-"ehlinu"-  solution.  I'or  tlu'  delerinination  of  the  presence  ot 
the  soluble  --alts  in  the  hitr.ite  of  the  distilled  water  solution, 
follow  the  ii-u,il  in'oceduri'  for  (]u.ilitali\  e  .mahsi-^.  What  is 
left  behind  on  the  tilttT  is  u-^ualK  china-clay  or  sonietimis  talc. 
The  preM'Uce  of  fat--  i>  determined  by  saponification  in  .!  boilinti 
sod, I  >olution.  Tlu'  solution  is  filtered  and  .icidiiii'd,  the  wax 
soai)>  iiri'cipitate  and  tlu'  f.il  ly  xiajjs  and  acids  rise  to  the  surface. 
I'roni  this  examination  the  praitical  finisher  will  ha\e  a  very 
^ood  idi'a  of  the  comjiositiou  of  tlu'  finish  and  bo  able  intelli- 
JL^eiitK  to  jirepare  a  mixture  xnnewhat  similar,  tlu'  s.uuc  old 
rule  holdinii  .^ood  in  this  c.i>e,  that  i)ractice  makes  perft'ct. 
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out  on  xientitii    principle 
ilial  decomposition  of  org 


The  work  of   Pasteur  had  proven 
lue  to  the  growth  ot 


anic  matter  was  c 


organism- 


\\\  ISO.*!  Rn--ell.  of  Wisconsin,  api 


)lied  the  theories 


1  method-  of  I'asteur  u 
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in  canniiv. 

iK-eii  done  in 


the  soluticm  of  problems  encou 


itered 


Since  that  time  a  ve 
the  wav  of  making  c 


TV  large  amount  of  work  has 
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found  on  fruits  and  vege 


.■tal 
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am 


1  in  the  air,  a 


nd  the  method? 


w 
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Id    be    success!  iiUy    aiip 
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damage  to  canned  products. 
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reful  studv  of  organisms  ant 


1  the  changes  l)rought 


,d)out  bv  these  o 
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found  that  th:>  spores  of  spore-bearing  ()rganisms  are  jer> 
U   to  kill;  in  loMing  water  thev  c(m' ' 
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,1  ill,  -«    -.pun  -  UMiild  not  tlr\fl<)|)  in  mtdi.i  liaviiis- 
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11  111-. nil  1  xinu'  ni>ii-^i)i>ii-  li.iruri.i  xmic  alili'  ti»Ki"\v  in  .i  nnxliT- 
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linii"  r.itini  -  .iliiivt 


2r_'    I',   in  iikKt  III  kill   tin-  -imri'-. 
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ilicn  i>  I  lu-  hnr  II 
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I  (li\i-iiin  iKtwirn  ilir  um-  uI  thf  npcn  li.itli  nir 
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In  iiiiKr  til  inr\rm   |)ii---iiiiiitii-  i 


,1  In--  r.inlnl  .mil  >\  -uin.itic 


u-l-  iM'iin  ilu'  I'.iniuil  1 


<1  iiniilnrl  .iii'  m.iilr  In  imc  -hipincnl   Irmn 


hr  l".irli.r\.     Hs   pl.uiiii;  r.mnril  -uuil-  in  .i  ri'"m  inainl.iiiu'<l  at 


.1  1(111-1. nil  u  iP.ptTaturf  n 


I'  '.1.'^'  I",  it  i>  I'ihiihI  iliat  imkillril  urii.m- 


1-111-  '.\  Hi  na\  (' 


linu'  111  (U'Nfliip  in  almul  \\\i'  (l.i>-.     In  t'i>i"  •">> 
tniiiMr  lUxrli.p-  .1   c.m'l'nl   I'x.nniiiaiiuii   nl'   llu-   -iioilcil   laii-  i> 
in.iilr  liiiili  i)li\>ir.illy  anil  niini.-nipir.ilK  ,  anil  it  i-  tlu'ii  po^>ililf 
In. Ill  the  lnli.i\ii>r  of  llu-  r.ms  to  liicati'  tlu-  nii.>l  ot  the  iaii>fs 
Iciiliii;^  til  the  tmuliK'. 

it  i>  -linwn  ill, It  li\  till-  applicatiiin  ul'  ttu'>r  nuthiid-  it  is 
p«i--iliK'  111  ilirUirntiatr  littwrfn  r.i-t  -  in  whirli  llu'  in.iliTial  h.is 
-.]  ,-i!ril  licc.ui-r  tlir  uri.ninal  li.nUTi.i  h.i\r  imt  hrcii  (Ir-lmyid 
in  the  (iiiikinu.  and  tliii>r  in  wliidi  tlu'  -puil.i.ni'  i-  diir  lu  .i  li'ak 
pi  iniiltiiiK  till-  cntr.iiur  nl"  liartt'ria  from  llu'  oulsidr.  In  -pi'dal 
c.i-cs  an  r\amiiiation  nl  the  i;aM's  -^(.■nrralrd  in  cm-  ol  spuikd 
Iniit  111-  M^rlalilc-  is  iiLidc.  and  i>  used  lu  lorati'  the  caiisf  of 
the  -piiil.im'.  SoiiK'  of  ill!-  imiliodr.  follownl  in  this  liiu'  of  work 
art-  oiitlimd. 

inlorniatioii  of  .m  inti.-ri.-r.tin;>i  ihar.Hlrr  i-  L;i\rn  n  ^ardin^ 
-onu-  of  till-  ti-chnir.d  iioiiit-  which  arise  in  tlu-  indu-tr\  ,  .i  iKiri 
of  which  wf  are  able  to  (luole: 

••In  the  raiininii  iiulu^trx  we  u>e  cerLiin  term-  in  dexTibinj^ 
spoiled  ean>,  namely,  le.ik>,  hard  swells.  Hat  Miur>.  and  springers. 
A  leak  is  one  where  the  food  is  spoiled  by  the  enlniiui-  ol  organ- 
isms throut;h  .i  -mall  hole.  Sometimes  ihese  holes  are  visible, 
esi)eri.illv  if  due  to  the  fanlty  iapi)ins;  of  the  can,  but  more  often 
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"Pi>(,>li)n:.i!niii  in  luniinl  foi'tls.  Mmli  H'ml.lr  i^tiuoim- 
t.riil  iliii  t"  I"--- "t  '"l"i  of  'liMlopmriti  '>\  iiii«li-ir.ilili'  (olur- 
ill  Iniit-  ,iii<l  \(uii.il'l'-.  ■iii'l  u]Ai\\  1.1  ilir-f  n-nul>li's  h.ivf  I'fiu 
.Kcoimt.d  t..r  I'lir  <..!(.!  ..t  mhIi  liiiii-  i-  -i  r.iwIxTrii-.,  r.i-p- 
i.rnii-  ,mil  rh.  riii-  i-  \fr\  drliciir  .md  iM-il\  di'^troNrd.  It 
\\,i-  li.iind  til  11  -oiuc  I.I  ilii-  U.I-  diii  ti>  llir  .iiiion  nf  llir  .icid 
(.11  llic  tin  plat.',  ill. II  ri.mp.iund--.  whii  li  d.irkni  llic  Iniil-.  iuiiiK 
f,, II, lid.  Ill  i.tllir  1. 1-1  -  tlu-  tiiiit-  k-r  iliiii-  ikIi.i-  .iltot^ftluT, 
.i\u\  A"  l.r-  .1-  1  kn..\\ .  tlu  ri'  i-  in.  i\pl.in.itii.ii  i-l  llii-.  ixftpt  tliat 
llu-  .luiiiii.il  ((.iiipi.uiid  ( ..n-titiiiiiiv;  tin-  n.li  r  i-  di-.tn>\i-(l  1)\- 
ll,,'  Ik  at.  I.ii;lit  (i.li.nd  iniit-.  -m  li  .i-  i>railu-,  ptar-  and 
ap|ilt-,  M.nu'liiiic'-  turn  pinki-h  or  l.n.u  ni-li.  A-  tln-ma\  di Afloj) 
in  ciiaiml  cm\-.  j.laiii  .an-,  «.r  .i;la-  jar-  tlir  r.m-i-  nni-t  \n-  .  licnii- 
lal;  the  l.ri.un  n.li.r  i-  due  ti.  raiaiucli-.ui'.n  "t  lIu'  >iiK.if  l'> 
(.Nt-ni.i.kinK'.  Ihii  what  the  pink  .  i.l..r  i-  <lnf  i<.  i>  imkiu.w  n ;  it 
i.  pn.l'ai.K   an  rarl\   -tai^r  i.l  llii-  raminrli/atioii." 

An  oiilliiii'  v\a-  ;^i\(n  <.l  the  -pi.  ial  inttlii.iU  a\u\  iiuihaiiical 
l)ni.r—  l(.lt(.\vrd  ill  iMiiniii;,^  i>l'  pia-,  wliiili  Mr\  c- a- an  iliii-.tra- 
tii.n  (il  till-  iHiciiMKA  I.l'  niuiKin  nii'thod-  and  the  larr  and  atti-n- 
tii.n  wliirli  i>  uiMti  ti>  detail.  Tlir  Inlli.u  iii:^  parai;rai)h  l.iki'ii 
from  tlii-  MClii.n  will  -ti\r  to  illii-iraU'  tlu-c  point-: 

"A  iiio>t  dr-iraliU-  (|iialit\'  in  caiiiud  pea-  i>  to  lia\c  tlicin 
open  11])  willi  a  clear  licinor.  \'<'r\  Irniinntly  the  li(iiior  is  milky 
or  cIoikK  . 

"l-'.x.iminatioii  ol  thi-  cloiidN  lifiiior  -ho\\>  it  to  lui\  e  .i  hi^h 
content  of  starcln  matirial;  that  is,  tlie  staritt  has  passed  trom 
llie  ptMs  to  the  liriiu'.  This  m.iy  come  ahoiit  by  overlooking, 
which  woiilil  lireak  the  i)e.is;  l.y  not  propi-rly  cooking  the  i)eas 
after  luatinj,',  which  would  allow  a  slow  cook  to  ^'o  on;  1)\-  im- 
projier  yradinii,  Nvhen  the  smaller  peas  would  he  overcooked: 
bv  mashing  at  the  tiltint;  machines,  or  overtillinj-  the  can,  when 
tht'  e\pan>ion  would  mask  tlu'  i)e.i>.  If  the  pe.is  are  not  proi)erly 
blanched  to  remove  the  miicila^inotis  matter,  this  will  cloud  the 
liquor.  If  there  h.i>  been  any  heating  (sweating)  of  the  peas 
previous  to  canniiiii  the  liciiior  may  be  i  louiK  ,  because  ot   the 
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\ll  ol   ttuM'  |M)iuts.  howfvrr,  arc 


tin-  skill  anil  cirr  of  tlu-  proct-ssor. 


Tlu'  paper  is  idiu 
(I, 


liidid  !)>  a  (ksiription  of  the  various  classts 
of  materials  used,  surl,  as  tin  plates.  s<,lder.  Muxes.  s.dt.  sugars 
„ul  water,  and  the  ditruulties  li.il.le  to  arise  in  .-..nne.tion  with 
th.-se  materials  are  outlined.  l-..r  example,  it  is  shown  that 
water  hi«h  in  lime  .in.l  maRuesia  forms  insoluble  n.mix.unds 
with  albumins,  thu.  tiiidin^  to  h.irden  venelables.  and  where 
th.-si-  waters  are  en(  ..untere<l  a  purifying  sN>lem  should  be 
installed. 

I'mler  the  he.xlin^;  of  "w.iste  pr.Kluets"  it  is  sh..wn  that  ron- 
siderable  advance  h.i.  been  made  in  thisdire.  tion.  AiM'i.'  waste, 
such  as  the  peeling;  and  c-ore,  ..re  used  for  the  production  of  wtne 
or  vinegar.  It  m.iy  be  turned  into  .il)ple  jelly  to  be  used  as  the 
base  for  comi)ound  jams. 

The  amount  of  specific  informati.m  included  in  this  i)aper  i^ 
verv  consi.lerable.  ami  is  of  interest  not  only  to  the  technologist 
l,i„'  ,o  the  ^ener.il  iniblic  to  whom  the  use  ol  canned  f<H,ds  has 
become  (»f  so  ^jreat  a  service. 


MAM  I  AC  UK  i:   oi    AcinoNi: 

l.io  v.  C.i  riMw,  I'li.l).,  A. (■.('.. I. 

Oiii'fh'i   l_'nurr.\l!y,  Kiiii^sti'ii 


In  ;^i\in.i;  .i  shdit  ,i(l<lrc>-<  on  i\u^  ^uIiJlcI  il  is  niorr  my  iiilni- 
tioii  l'>  cull, 111'  llic  \ari()U>  iiuiIkkIs  indiistrialK  oini)i(t\t'(l  tlian 
to  crilicisc  inu  n\illioil>.  \\liil>l  llurifoic  little  of  what  I  ha\x' 
to  luins;  lu'lori'  \oii  can  he  called  new,  llie  whoU'  will  jiivc  a 
comprelien>i\e  view  of  tlii'  present  >l.ile  of  the  ni.iiuifacliire  ol 
acetone. 

r.vc.v.  The  uses  of  .icelone  .ire  wirious,  ,nul  il>  con>U!n|)tion 
has  incie.ised  nipidK  diirini;  the  List  (went\  \e.irs,  ( )ris;in.ill\ 
oid\  iisi'd  a--  a  -oKi-nt  for  \.irnishe>,  for  the  ni.miifactiire  of 
iodoform  and  chloroform,  mormons  ini.uitities  haxe  hi-en  iiM'd 
in  late  scars,  in  the  m.imifactnre  of  sniokele»  powder,  particii- 
l.irK  of  British  Coxernmenl  cordite,  ,ind  in  the  inamif.icliire  oi 
celluloid.  In  the  l.isi  two  proct'sses  u>e  is  made  of  tiie  properly 
of  .icetone  to  dissoi\c  or  i;i'latini/.e  nitro-celhilose.  Acetone  has 
to  fulfil  wideh  differinii  ri<|uirements  ri',u.irdins;  its  purity, 
dei)endiii,u on  the  tises  to  which  it  is  to  he  put.  Both  lor  celluloid 
and  smokeless  i)owder  manufaiture  the  n<iuirements  are  hiiiih. 
It  lias  to  he  miscihle  in  all  proportions  with  w.iter,  must  not 
show  more  than  0.(10.")  jht  cent,  of  .icidit\,  and  100  ex.  nii\cd 
with  1  rx.  of  a  0,1  per  cent.  i)ota>siiim  luTm.ms^an.iti'  solution 
must  retain  it>  i)ink  coloration  for  thirty  minutes.  It  is  iurther 
rcfpiired  th,it  at  le.i>t  SO  |)er  cent,  should  distil  ovi-r  .it  r)0°  ('. 
(i:{S°  V.)  IIowe\er,  the  re(iuirements  \ar\  somewhat  in  differ- 
ent countries. 

Mdiiulacturc.  -Thi-ri'  are  threi'  distinct  i)r(tcessi's  av.iilahlo. 
ili  The  reco\irv  ot  the  .icetoiie  cont. lined  in  irude  methyl 
alcoliol  or  woo<l  spirit.  Tlii^  is  done  hy  c.irelul  Ir.iction.i!  dis- 
till.ition,  jireceded  occ.isioiially  by  clu'iuic.il  puriiu.ition,  and 
this  process  is  carried  out  .it  .i  i)rot"u. 
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uTtoiu-  h  is  howcvrr,  an  (.inn  ,,iRsli()n  whi-tluT  nu-thyl 
alcolml  thus  i.iiritK.l  has  n..l  lost  sonu'  ..f  tho  pnMH-rlk-s  f.,r  which 
it  i<  vahi.'d,  l"(.r  tho  excvUunt  solvent  action  ot  ordinary  wood 
aln.lu.l  sccn.s  to  l.c  lar^H-ly  due  to  the  10  per  cent .  or  so  of  acetone 
which  it  contains. 

(2)   liy  dry  distillation  or  calcination  of  calcium  acetate. 

Ui)   Directly  from  act'tic  acid. 

.Uuniilarlnn'   fro,,,    Caln„„i   Acckilc.-'XWx-.  has  been   carried 
„nt  for  manv  vears  in  a  form  of  .till  similar  to  that  employed  t..r 
the  m.mufacture  of  acetic  aci.l  from  calcium  acetate  and  sul- 
phuric acid.    The  still  consists  of  a  larj.e.  Hat,  casl-in.n  i.an  hlted 
with  a  di^charuin^  manhole,  and  dose.l  by  a    cast-iron   cover 
provi.led  with   a   pad.Ue  aiul   >tirrini;  ^ear.   with   manholes   for 
chargiuK.  and  with  pipes  for  conducting  away    the  vapors.     I  he 
still  is  set  in  a  suit.ible  brick  furnace.  i)articular  attention  beinsi 
paid  t..  uniform  heating  and  even  distribution  ot  the  hre  ^ases. 
Calcium  acet.ite  when  heated  breaks  u])  according  to  the  well- 
known  re.uiion  into  calcium  c.irboiiate  and  acetone. 
(•a(Cn;,(()()i2  =  (a(()3  +  (H.-,((K"H.,. 

This  deamipositi..n   takes  place  at   ab.x.l  400°  C   (72(f  F.). 
It   is  „f  course  inevitable  that   some  of  the  calcium  acetate  is 
exposed  to  a  higher  temperature,  and  in  that   case  superheating 
,,„d  decomposition  results.    Crude  caUium  acetate  of  commerce 
iver  i-.es  about  Mt  per  .vnt.  <.f  calcium  acetate  .md  homoU.gous 
silt.  '"  From  this  one  should  obtain  theoretically  about  :iO  per 
,vnt    <.f  crudi'  ..cetone.     Owini;  to  the  abovi-  mentioned  decom- 
positions, and  the  decomix.siuK  elU'cl  ol  tar  and  other  impuri- 
ties and  al>o  owinu  to  .ecund.iry  ri-acti.ms  leading  to  the  torma- 
,i„n  of  gases,  a  much  K.wer  yii'ld  is  always  obl.uned.     In  prac- 
liiv   the  Yield  of  cnule  acetone  lies  between   20  and  22  parts 
■  H-r    100  of  crude  calcium   acetate.      To   mimmi/e   this  decom- 
position the  stirring  gi-ar  is  provided,  and  by  means  oi   ,t   the 
,,,.-,i,-les<,f  c.dcinm  acetaf  are  c.mtinu.msly  brought  over  tresh 
'ortionsof  llu'  he.iled  still,  and  superheating  or  burning  ol    the 
luaerial   is  thus  preveuted.       The  chief  and   perhai.s  the  only 
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objection  to  this  process  lies  in  the  fine  comminution  of  the 
material.  The  continual  grinding;  produces  an  impalpable  dust 
of  calcium  carbonate,  and  when  the  stills  are  later  opened  for 
discharging,  excessive  inconvenieiu'e  is  caused  to  the  workmen 
in  the  adjoining  localities  by  this  irritating  dust.  Care  must 
likewise  be  taken  not  to  discharge  such  a  still  while  still  hot  and 
filled  with  acetone  vapor,  for  this  latter  forms  an  explosive, 
inflammable  mixture  with  air.  To  avoid  this  danger,  it  is  usual 
to  remove  the  last  traces  of  acetone  vapor  from  the  still  by 
blowing  in  live  steam. 

At  the  beginning  of  ll\e  distillation  most  of  the  water  still 
contained  in  the  crude  calcium  acetate  comes  over.  Then  follow 
acetone  and  its  homologues,  and  several  empyreumalic  sub- 
stances. A  great  ileal  of  calcium  acetate  dust  is  also  carried 
over  mechanicalK'.  iVovision  is  made  to  collect  this  in  a  so- 
called  dust  catcher,  i.e.,  a  vertical  cylindrical  vessel  in  which 
this  dust  is  supposed  to  settle.  In  spite  of  this,  however,  the 
connecting  tubes  and  condensers  are  liable  to  choke  up,  and 
speci.d  provision  has  to  be  made  for  enabling  them  to  be  cleaned. 
When  this  is  done  no  danger  need  be  anticipated  from  a  choking 
up  of  the  tubes  dunng  distillation.  They  can  be  cleaned  (juite 
readily  and  the  danger  of  having  a  stopi)age  in  the  preparation 
of  such  an  infiammable  material  as  acetone  is  avoided. 

A  modification  designed  to  avoid  the  inconveniences  of  this 
j)rocess  consists  in  s])reading  the  calcium  acetate  in  a  thin  layer 
on  flat  trays.  A  number  of  these  trays  are  placed  one  above 
the  other  on  a  carriage,  and  this  is  then  wheeled  into  an  extern- 
ally heated  furnace  or  mut'fle.  The  crude  calcium  acetate  is 
therebv  onlv  exposed  in  thin  layers  and  superheating  or  burning 
is  avoided.  No  stirring  gear  being  reiiuired,  the  production  of 
dust  is  cut  down  to  a  minimum  On  the  other  hand,  the  effi- 
ciency of  the  heating  must  obviously  be  less  than  in  a  direct  fired 
still.  It  is  claimed,  howexer,  that  a  slightly  higher  yield  of 
acetone  is  obtained  which  compensates  for  this  locc, 

Piirifuation  of  the  Crude  Acetone.  -This  had  better  be  described 
here,  being  identical  for  all  the  methods  of  manufacture.  The 
crude  acetone  contains  various  homologues  and  oils,  and  can 
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he  separated  from  tlicse  by  diluting  to  about  30  per  cent,  with 
water.  Tlie  oils  and  tarry  impurities  separate  out  and  can  be 
skimmed  off,  whilst  an  aqueous  solution  of  acetone  is  drawn  off 
at  the  bottom.  This  aqueous  solution  of  acetone  is  then  rectified, 
after  having  been  first  neutralized,  if  necessary,  in  a  rectifymg 
column  or  still  of  the  usual  type.  The  heads  and  tails  are 
collected  sei)arately,  and  the  middle  fracticm  of  pure  acetone 
collected.  This  is  considered  to  1;.'  pure  when  it  stands  the  per- 
manganate test  as  ab()\e  described.  An\-  fractions  not  com- 
l)lying  with  this  test  are  added  to  the  next  batch  for  rectifica- 
tion. To  still  further  purify  the  acetone  to  meet  the  require- 
ments of  the  smokeless  powder  factories  it  is  usual  to  re-distil 
il  with  the  addition  of  a  little  sulphuric  acid. 

Manufacture  from  Acetic  Acid.—\i  the  vapors  of   acetic  acid 
are  passed  over  a  heated  alkaline  earth  carbonate,  either  calcium 
or  barium  or  magnesium  carbonate,  the  acetate  first  formed  by 
the  action  cjf  the  acid  is  continually  split  up  into  acetone,  water 
and  carbonate,  and  the  cycK  of  operations  then  begins  afresh. 
We  have  here  therefore  a  case  of  the  catalytic  action  of  carbon- 
ates,  these  being  continually   regenerated  during   the  process. 
One'or  two  people  ha\e  already  tried  to  adopt  this  process  com- 
merciallv,  and  the  author  himself  spent  several  months  working 
at  it,  onlv  to  find  at  the  end  of  a  lengthy  period  of  work,  that 
some  French  patents  had  been  taken  out  in  the  interval.    The 
results  of  the  investigation  were  however  somewhat  disappoint- 
ing.   The  decomposition  of  acetic  acid,  even  if  concentrated,  is 
by  no  means  (juantitative,  not  more  than  50  or  70  per  cent, 
being  converted  into  acetone,  the  rest  i)assing  over  unchanged. 
The  dilution  of  the  acetone  thus  obtained  is  no  bar,  since  it 
would  in  any  case  have  to  be  diluted  later  on  to  remove  the  oily 
impurities.     What  however  is  a    serious  consideration  is  \.  liat 
to  do  with  the  dilute  acetic  acid  solution  thus  obtained.     It  is 
the   recovery  of  this  for  subsecpuMitly   again   working  up  into 
acetone  which  mitigates  against  the  successful  use  of  this  pro- 
cess.    It  is  also  necessary  to  utilize  the  crude  pyroligneous  acid 
as  obtained  in  wood  distillation,  and  this  contains  only  about 
10  per  cent.    The  great  dilution  of  this  acid  also  somewhat  cuts 
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down  the  xiild.  It  would  still  .ipiu-ar  possihk'  that  by  utili/ing 
dirt'CtK  till'  acetic  acid  ^iipors  obtaint-d  in  wood  distillation, 
which  sui;sicstion  is  .dso  one  of  the  claims  in  the  Krcnch  p.itcnt, 
th.it  a  not  inconsiderable  anionnt  of  acetone  can  still  be  obtained, 
the  acetic  acid  passing  o\er  nnchan^ed  being  utilized  in  the 
usual  way. 

l^xjK'rinients  carried  out  by  the  .uithor  on  analogous  ketones 
gave  still  poorer  results.  It  ni.iy  be  of  interest  to  state  that 
attempts  were  also  made  to  prepare  analogous  ketones  from  the 
corri>si)onding  ethyl  esters.  .\s  is  well  known  ethyl  acetate,  for 
instance,  breaks  up  on  lu'ating  into  eth>lene  and  acetic  acid, 
and  it  seemed  th.it  this  could  be  directly  utilized  in  the  produc- 
tion i>f  acetone.  I'".\])eriments  c.irried  out  b\  (he  author  showed 
that  ellnl  acetate  on  being  passed  over  he.ited  calcium  oxide, 
g.ive  an  excellent  yield  of  acetone,  .is  well  as  i|uantities  of 
ethvleiu'.  The  .luthor  would  in  f.ict  recommend  this  methoil 
for  the  l.iboratory  prodmtion  of  etlnlene. 


SPI-CIIIC    kl-lRACTION    AM)    ITS    APPLI- 
CATION  TO  ClIKMICAL   INDISTRY 

A.  M((.iM.,  MA. 


riu-  ol.vious  and  natural  method   of    distin^niishinK  l)fl\vfi-n 
and  difuiin^'  tlu'  various  suh^tancvs  whirh  wc  dc-al  with  is  tlu- 
dirirt  ai)i)li<-ation  oi"  the  srnsi-s  to  their  inspection  and  study.    We 
look  .It  them,  tasli'  them,  feel  them,  smell  them.      Take  as  an 
ixample  the  ease  of  butter  and  lard.     They  have  much  in  com- 
mon,    iioth  are  ^n-.i^y.  ^>''(1  -^^  ordinary  temperatures,  liquid 
when  warmed:  both  burn  in  air  when  sutficiently  heated;  !K)th 
are  nutritious  loods;  they  answer  much   the  same  purpose  in 
pastrv-makinj.;  and  so  on.      But  careful  inspection  of  typical 
samples   shows   many    i)oints  of  difference.      Butter  is  yellow; 
lard  is  white.     Butter  melts  at  a  lower  temperature  than  lard; 
water  separates;  the  melt  is  cloudy  owiny;  to  the  presence  of 
tloatiuK^  solid  matters;  salt  separates  <m  the  surface  if  exposed  to 
a  drx  atmosphere;  the  watery  (lower)  layer  obtained  on  melting 
is  decidedly  salty  in  taste.     The  characteristic  taste  of  butter 
distinguishes  it  from  lard;  the  smell  is  likewise  characteristic. 
On  prolonged  exposure  to  air  the  butter  turns  rancid;  the  lard 
does  not,  or  but  slowly.     Many  solvents  (coal  oil,  ether,  etc.) 
dissolve  the  lard  completely,  but  leave  a  resi'.iue  in  the  case  of 
butter. 

In  like  manner  we  may  examine  the  not  dissimilar  pairs: 
(1)  butter  and  lard,  (2)  water  and  alcohol,  (3)  alcohol  and  wood 
si)irit.  (1)  pure  water  and  dilute  solutions,  (."))  olive  oil  and 
cottonseed  oil.  and  ((i)  normal  milk  and  watered  milk.  Of  course 
this  list  might  be  indefinitely  extended.  I  have  chosen  these 
substances  bec.iuse  it  will  be  convenient  and,  I  hope,  useful  to 
consider  them  further  during  the  evening. 

Consider  now,  as  rapidly  as  possible,  the  kind  of  information 
and  its  extent  which  the  imaided  senses  can  give  us  regarding 
the  above  pairs  of  similar  substances. 
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Our  a((|ii.iiiit.ii\(  t'  with  llic  arliili-s  iianu'd  is  sufluicnt  lo 
in.il)lc'  us  to  ni(>niii/f  llit-  fact  tliat.  wliiU-  uormal  and  ty|)ifal 
ixainplis  of  lacli  ari'  fairly  well  (listiujiuislu  <1,  tlu-rc  are  main 
sampKs  to  l)c'  foiuul  whost-  cliaiiutfrs  are  k-ss  wl-11  marked,  and 
ill  whose  ea>e  it  heroines  wry  dit'ticult,  if  not  impossible,  to  say 
"this  is  a  sami)le  of  the  first  term;  this  of  the  second".  We  find 
that  many  cliaracteristirs  must  he  rejiarded  as  noh-distinetive, 
either  hec.iu  they  are  possessed  in  common  or  because  they 
pass,  h\  ^ra<lual  transitif)n,  through  so  large  a  range  of  intensity 
as  to  afford  us  no  trustworthy  evidence.  We  have,  so-called,  non- 
essential characteristics.  Thus,  butter  ought  to  he  yellow;  but 
we  know  that  butter  may  be  nearly  white  and  still  be  genuine 
butter.  How  shall  we  get  at  the  essential  characteristics  of 
each  species? 

The  methods  of  aiiahtical  chemistry  here  come,  naturally: 
to  our  aid.  1  cannot  in  short  sjjace  describe  the  methods  by 
which  the  chemist  approaches  the  subjeci.  but  in  the  briefest 
manner  possible  1  shall  indicate  the  lines  along  which  he  pro- 
ceeds. M\  main  reason  for  treating  with  brevity  this  aspect 
of  the  cjuestion  is  that  the  methods  of  clu-inistry  are  only  avail- 
able to  the  chemist.  Vou  will  readily  see  from  the  little  I  shall 
say  on  this  part  of  the  matter,  that  the  chemist  must  pos.-^ess 
an  intimate  knf)wledge  not  only  of  the  nature  of  the  substances 
he  examines,  but  also  of  the  changes  that  can  be  wrought  in 
them  by  sjiecial  treatment  with  chemical  reagents,  and  the  nature 
of  the  products  of  such  chemical  action.  A  long  experience  has 
taught  me,  that  true  chemical  methods  of  working  have  very 
little  value  except  in  the  hands  of  such  as  make  a  si)ecial  study 
and  iiractice  of  them.  The  amateur  analytical  chemist  is  more 
likely  to  bewilder  himself  .ind  mislead  others  than  to  accomplish 
any  good  purpose  b\'  his  work. 

To  distinguish  between  pure  butter  and  pure  lard  is  com- 
paratively simple,  but  to  rlistinguish  hetw'cen  pure  butter  and 
adulterated  butter  by  chemical  means  is  scarcely  a  task  the 
amateur  should  undertake.  The  detection  of  adulterations  in 
fats  and  oils  is  surrounded  by  difficulties  of  which  the  amateur 
has  not   the   faintest   conception,  nor  do  the  various   tables  of 


impiriral    "values",    which    he    finds   (liMril)Ut».'(l    so    lavishly 
throu^'h  tlu-  han(i-l)(M)ks  on  thi-  subject,  slud  any  liKhi  on   his 
problem.     A.  H.  Allen  in  his  '  •(oniniercial  Organic  Analysis" 
says:  "Numerous  methods  of  ixaminin^'  butter  for  foreij^n  fats 
have  been  devised,   but    man\    are   wholK    worthless  for   their 
intended    purpose    unless   the    soiihisticalion    be   of    the   iiU^ss 
character  now  almost  obsolete."     Amon«  the  fats  known  to  be 
successfully  employed  in  the  maiuilacture  of  factitious  butters 
are   the  more  fusible  portions  of    mutton-   and    beef-fat.    lard, 
cottonseed  oil.  palm  oil  and  c.coanut  <.il.     'Hie  detection  with 
confidence  of  foreign  fats  in  butter  max   re(iuire  several  ditficult 
i>timations.    One  of  the  most  decisive  tests  is  the  determination 
of  the  "Reichert  Meissl  Value".    This  is  a  decidedly   arbitrary 
determination,  and  consists  in  estimating  the  amount  of  vol.ilile 
fatty   acids   distilled    under   certain    fixed    conditions.      Similar 
difficulties  present  themselves  when  he  attempts  to  examine  a 
milk  sample. 

Distinguishing  between  watery  alcohols  or  solutions  of  differ- 
ent strengths  is.  of  course,  a  ver>  much  more  simi)le  task,  simple 
gravity  determinations  acnmipanied   by   fractional   distillation 
being  "usually   sufficient.     The   specific   gravity  of  alcoholic  or 
salt  solution's  can  be  found  to  the  third  i>lace  of  decimals  by 
means  of  a  Mohr's  specific  gravity  balance  or  a  hydrometer,  or 
with   certainty    to   the   fourth   decimal   place    by   a    Sprengel- 
Ostwald  pvknometer.     The  hydrometer  is  merely  a  glass  tube 
weighted  at  one  end  and  provided  with  a  stem  carrying  a  scale 
at  the  other.     The  lower  the  specific  gravity  of  the  luiuid,  the 
lower  the  hydrometer  sinks,  the  S.f..  being  read  off  directly  on 
the  scale      A  good  st>t  will  contain  as  many  as  18  to  20  instru- 
ments- of  these  possibly  5  will  be  intended  for  litiuids  lighter 
than  water,  and  the  others  for  licpiids  heavier  than  water.    Such 
a  set  enables  one.  bv  proper  selection,  to  make  very  accurate 
determination   in   a   few   moments.     The   pyknometer   consists 
of  a  glass  tube   to  either  end  of   which   is  attached   capillary 
tubing  bearing  graduation   marks.     The  whole  is  bent    into  a 
V  shape  to  facilitate  suspension  from  the  balance  pan-hanger. 
The  apparatus  is  weighed  empty,  then  with  water,  and   then 
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wiili  ilu  li(|iii(l  whoM- (l(n-il\  i-  to  lir  (Irlcrmiiicii.  It  |)<)--.il)li', 
llif  iKii  imiiiai  Idii-.  .ire  m,iil>-  ,il  l").">  li>  -.i\c  cilciilalinn-,  owiiij; 
Id  ili(  l.ic  1  ili.ii  m<Mt  ^prcilic  JLiiav  it>  i,i!)l(s  lia\i'  Ik/cii  lompilfil 
tor  l.'i,."i  (  .  Tin  \\<  ii^lit  of  I  ill  litiuitl  (lividid  by  tlu-  urij^lil 
ot   ill.    u.iirr  ,:;i\f^  ilic  -ptcilu-  :^r.i\ii\   ol  itu'  li(|iii(l  in  <|iu'>ti()ii. 

1  ."  .."       (     .    !-.  t  (|l|.ll    to  till       I    . 

Siilistaiufs  witli  (liru-ruiit  boiling  points  ran  he  separated  by 
tlu'  nutliod  of  fractional  distillation.  As  an  illustration,  let  us 
take  a  nii\tnrr  of  alcohol  and  water.  Water  boils  at  100°; 
alcohol  at  7S.;}\  If  ')()()  c.c.  of  a  mixture  of  ecjual  \oluiucs  of 
aUoliol  and  water  be  distilled  th  the  aid  of  a  t;oo(l  fractionating 
cohmni.  and  e\  er\  100  i.e.  of  the  distillate  be  cauiiht  separ.ttely, 
the  tirst  fraction  un  will  be  nearU  i)ure  alcohol;  the  second  frac- 
tion {In.  alcohol  with  a  little  water;  liie  third  tc),  about  half 
alcohol;  the  fotirth  u/i,  nearly  all  water;  and  the  fifth  (e),  practi- 
( all\  i)nre  water.  H\  redistilling  (h).  (c)  an<l  (ih,  addint;  the 
distillate  from  (/')  to  the  distill. ites  from  (<  )  and  (</),  and  the 
residue  from  (d)  to  the  residues  front  {b)  and  (c),  and  by  repeating 
this  fractionation  >e\er<d  times,  it  is  ])ossil)le  lo  obtain  eventually 
two  li<iuids  witii  constant  boilin^^  jioints  of  78.:^°  aiul  100°  re- 
specti\ely.  It  is,  however,  more  usual  to  interrupt  the  distil- 
lation a--  >oon  .IS  tile  thermometer  reaches  a  cert.iin  height 
tiian  to  continui-  till  the  distillate  attains  a  certain  volume. 
The  numlK-r  of  distill, itioiis  ri'ipiircd  depends  \  er\  largely  upon 
the  fractionating;  tolumn.  Then-  <ire  numerous  types  of  this 
ai)j),uatus;  its  elticienc\  depends  upon  the  amount  of  contact 
brought  about  between  the  ascending  \  .ipors  anfl  the  descend- 
ing cond;iis,itions.  The  rod  .md  disc  and  pear-shaped  types 
are  among  the  1h>i;  the  gre.iter  the  luunber  of  discs  and  pears, 
till'  more  elticieiit  the  column.  I  )ei)hlegniators,  in  which  the 
coii(Kn>c(l    vapors    collect   in   little  b\ -jiasses  from  which  they 
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i'«liii|)lHMl  tlifin.      riii>  is.  iikKimI,  ilic  wholi-  Ill(MlliIl^  of  iiiMru- 
iiuiit.ilion.      Vhv  iiiicroMoiK-   i>  .m   instniimiit    tor  iiKk'liiiitt'ly 
iiuriM  iiiK   till'   powiT  of   tlu-  rye   to  mt,  and    not    only   n-ndiTs 
visil.li-   tin-   invisil.lt'.   Iml    makes  it    nu'asur.il.K'.      Tlu'   tlurnio- 
nu'tiT  laki-.  llu'  plaa'  of  ilu'  tinjiiT-li].  as  an  imlicitor  of  icniiR-r- 
atiiri'.  anil   not   only  t'lial.K's  u^  to  n'coi;ni/A'   icniiRialiirc,'^  tar 
above  and  below  the  limits  within  which  our  Iniiiers  can  serve 
us,  but  enables  us  lo  register  .md  compare  them  with  an  exacti- 
tude altogether  imi)ossible   lo   the  unaided   orj^an.      The  areo- 
meter (hydnimeter)  in  its  different  forms,  not   to  mention  the 
chemical  balance,  is  a  means  of  v.istly  increasing  the  delicacy  of 
tlie  so-called  muscular  sense;  that  sense  for  weight  wliich  enables 
lo  jud^e  one  thin^-  as  heavier  than  another.     We  have  slill  to 
devise  mechanism  to  render  the  senses  of  smell  and    taste   more 
acute  than  Nature  has  made  them;  and  the  sense  of  hearing  has 
not  been  made  of  much  use  to  the  student  of  matter,  as  yet. 
Other  spheres  may  be  attuned  to  music,  but  to  earth  dwellers, 
our  own  is  silent,  and  we  must  "beat  our  own  music  out"  when 
we  want  music.    The  crackle  of  a  bar  of  tin  when  bent  is  almost 
the  only  application  of  the  auditory   nerve  that  occurs  to  me  in 
ct)nnection  with  the  testing  of  material. 

It  is  in  the  matter  of  sight  that  the  most  noteworthy  mechani- 
cal  aids   have   been   devised.     Tintometers,   colorimeters   and 
nephelometers  assist  us  in  detecting  and  registering  differences 
in    color    and    transparency.       The     polarimeter    (polariscope, 
saccharimeler)  re\  eals  to  us  the  influence  of  molecular  structure 
upon  light  wa\es;  the  polarizer,  in  connection  with  the  micro- 
scojK'.  becomes  a  \ery  \aluyble  extension  of  the  power  of  the 
eye.      The  sjjectroscope  is  a  further  extension  of  our  power  of 
vision;  and    to-night   I   introduce   to  you  an   instrument,   the 
refractometer,  which  takes  advantage  of  what  physicists  call 
"optical  density  ".    The  refractometer  is,  in  my  opinion,  destined 
to  become  a  most  useful  instrument  in  the  hands  of  persons  who 
need  to  identify  species  of  matter  such  as  those  pairs  of  sub- 
stances I  have  named.     It  is  alread\  a  necessity  in  every  fully 
ecpiipped  laboratory;  but   on  account  of  its  simplicity  in  use, 
and  the  high  degree  of  certainty  attaching  to  its  indications,  I 
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tliink  tluit  it  is(li'stim'(l  to  IiikI  a  plact-  in  luainifac  turiiin  iii<histry 
aion^  with  tin-  tlurmoimtiT,  liydnmieter,  sarchariiiutir  and  a 
few  other  scientific  instninu-nt^  of  already  proven  vahie. 

AithouRh  the  refractonieter  can  l»e  used  successfully,  after  a 
ver\  few  lessons,  even  1>\  one  who  knows  notliinj;;  <jf  the  funda- 
mental |)rinciples  uj)on  which  its  construction  is  hased,  it  may 
still  be  of  interest  to  you  to  sa>-  a  few  words  in  explanation. 

When  a  ray  of  li^ht  strikes  the  surface  of  a  transparent 
medium,  it  either  passes  into  that  medium  or  is  reflected  from 
its  surface.  The  anijle  of  inciilence  determines  whether  tiie  ray 
will  or  will  not  be  reflected.  As  the  annle  (  '  incidence  inireases, 
a  jioint  is  reached  beyond  which  all  ra\s  .ire  totally  rellected. 
I.et  us  api)ly  this  phenomenon  to  the  refractonieter.  This 
instrument  contains  a  cell  to  hold  the  licpiid  to  be  examined, 
the  latter  in  this  way  being  broujiht  into  direct  contact  with  a 
ulass  prism  of  jireater  density  than  the  li(|uid  and  of  known 
refractive  index  which  we  will  call  .V.  W  lien  a  ray  of  linht 
passes  from  one  medium  to  another,  the  ratio  between  the  two 
refracti\e  indices  is  efjual  to  the  ratio  between  the  sine  of  the 
anjile  of  incidence  and  the  sine  of  the  angle  of  refraction,  i-et 
us  now  consider  the  limiting  ray,  the  ray  of  grazing  incidence, 
i.e..  the  last  one  which  can  pass  from  the  less  dense  to  the  more 
dense  medium,  and  measure  the  angle,  /,  which  it  makes  with 
the  normal  when  emerging  from  the  latter  into  the  air.  We 
find  the  refractive  index  of  the  less  dense  medium  from  the 
formula  »=  s  A'"  — sin-  i.  where  ii  is  the  refractive  index  of  the 
le>s  dense  medium,  i.e.,  the  licpiid  under  examination.  The 
"specific  refractive  power"  or  "refractivity"  cf  the  licjuid  can 

be  found  from  the  formula      ,      (Gladstone  and  Dale)  or  the 

a 

formula  X  -  (Lorentz  and  Lorenz),  where  </ is  the densitv. 

V-  +  2        d 

The  value  of  these  expressions  is  nearly  independent  of  the  tem- 
perature. When  determining  the  refractive  index,  however,  the 
temperature  must  l)e  kept  constant.  This  is  done  by  causing  a 
stream  of  warm  water  of  constant  temperature  to  circulate  about 
the  cell. 
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In  the  earlior  A1)Ik-  tyiK-  of  instriinu'iU  two  ri-xolviiiR  amid 
prisiuj*  act  as  a  compensator  for  arhroinatizinR  the  criticaUine 
of  total  reflection.  Diffused  (laNlight  or  lamplight  may  be  used, 
and  the  refractive  index  read  off  directly  on  the  scale,  which 
covers  the  interval  between  «D=  1.3  and  «l)=  1.7.  This  instru- 
ment has  been  in  use  since  the  seventies  of  the  last  century. 

The  im|)r()\ed  form  of  the  Ablu'  refractometcr  possesses  the 
water-c.H.linK  jacket  desiRnecl  to  keep  the  cell  at  constant 
temi)erature. 

The  Zeiss  butvro-refractometer  differs  from  Abbe's  in    that 
tin-  critical  line  of  total  rellecti<m   for  butter-fat  is  achrom.itised. 
not   bN    special  com|)ensatinK  arrangement,  but  by  the  prisms 
themsi'lves,  the  disiK-rsion  co-existent  with  the  total  reflection 
between  ^lass  and  substance  bein^  exactly  compensated  by  the 
dis|)ersion  due  to  the  surface  when  the  linht  emerges  from  the 
double  prism   in   the  direction  of  the   telescope.     Accordingly, 
the  critical  line  api)ears  colorless  fachromatised)   for  butter-fat. 
wiiilst  all  other  substances  differing  from  it  in  refractive  and 
dispersive  power  cause  the  critical  line  to  api)ear  more  or  less 
blue  or  red  when  the  dispersion  is  respectively  higher  or  lower 
than   tile  butter-fat.     Only  values  corresponding  to  refractive 
indices  between  1.4220  and  1.4S«)r)  can  be  read  on  the  scale,  but 
this  range  i-  <iuite  sufficient  to  cover  the  case  of  butter  and  lard, 
and  their  u>ual  adulterants.     Instead  of  the  graduated  arc,  it 
is  furnished  with  an  arbitrary  scale  (placec'  within  the  body  of 
the  telescope)  and  divided  into  100  parts,  or  so-called  degrees. 
It  is  easy,  bv  means  of  the  tallies  accompanying  the  instrument, 
to  convert  these  arbitrary  degrees  into  C()rresiM)nding  values  of 
«i)  (indices  of  refraction).    With  this  instrument,  natural  butter- 
fat  at  25°  C.  varies  between  4«).:)°  and  r)4.0°  (scale  divisions), 
while  oleomariiarine  reads  from  5S.(>°  to  (J(i.4°  (Wollny).     l.a.d 
al  2.")'  reads  a  little  lower  than  beef-fat  at  the  same  temp<>rature. 
Kach  degree  centigrade  corresponds  to  very  nearly  0.55  scale 
divisions.     .\  si)ecial  thermometer  accompanies  the  instrument, 
and  enables  approximate  conclusions  to  be  drawn  from  a  rea 
at  unknown  temperatures. 
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riir  I'lilliitli  iclr.it  luiiuiiT  iti|uin'-  iiumiim  Im  lu.iiit  li>.'lu  , 
filliiT  tlic  \tlluu  />  line  iniiltnl  li\  i;lii\\iiiK  -><>(liiiiii  ■~.ili-',  i>r  tl\f 
( '  ur  /•'  liiir  III  l\v<lriiv;iii  olii.iiiud  1)\  nn'.m>  ol  .1  (  iii-<>li'r  iiilu 
tilliil  with  llii^  «.!>  i--  cniploNrd.  I'Ih-  iii-<inimnil  i-  mure  (om- 
|)li(,ilc(|  ill. Ill  llic  (illuT  tunii'-  <lf^nil)t  (I.  I'lic  .iiikI''  "I  niur- 
K»  iHf.  /.  of  till'  limiting;  im\  i>  rv.nl  nii  ilif  mmIi\  ,m<l  liic  curn- 
>puii(liiiv;  \.ihu'  ol  \  A'-'- sill-/  iv  tuiiiitl  tn.in  llic  i.ilili'  -iipplitd 
l>\  ilif  iii.iktrs.  Ur.uliiix>  -liuiilfl  clurk  willuii  I  in  llu  luiirili 
pl.n  (•  1(1  (Icciiii.il- 

riu'  /li-s  inimiT-iuii  ritr.ii  inimli  r  pu^-»'>-<"-  iii,iii\  .hI\  ,iiimj;i-- 
o\cr  (tiluT  lnriii>  of  till'  iii-iriimciit.     Il  -iniiililifs  tin-  ••x.miiii.i- 
tion  ol  \-ol.itilc  or  otlur  limiiiU  wliit  li  (,nuu>l   rnii.nii  im.ihirid 
oil  f\po-iin'  to  air:  the  liiiiitiiiv;  liiif  i-  iiim  li  -li.irpir  ih.in  uiiiii 
till'  liiuiid  ix  «ii(  lo-i(l  littwccii  i>ii-<iii~:  .111(1  il  i>  p.irliciil.irly  wi'll 
adapti'd  for  tin-  cv.imin.ilioii  of  .nuicoii-.  and  .ilcoliolic  >oliiiion> 
W'itli  tlic  ,iid  of  .III  .uixili.nv   pri-ni,  ,1  drop  ot  li(|iiid  iiii  \n-  cx- 
.iiniiud.  'I'lu'  in>triiiiun!  ni.ikf--  i)o-.>il(li'  .111  ,m ciir.itA'  t.ir  yriMU'r 
til. in    ill, It    oWt.iin.ihU'    l)\    oilier   tvpc--     .ihoiii     +4    in    ijic    lilili 
dtcim.d   pl.ici'.      DiffiiMfl  d,i\  liv;lu   or  l.miplii^lii    i-  u-cd.      i'lic 
iii>triiinriii   \v.i>  introdiit'cd  in   IMMi,  in  wliiili  \iar  1  )i .  I'lillriili 
j;,i\c  .1  driiton'-lr.ilior,  .it  the  I  ni\ir-ity  of  j»'n.i  iZ.  (/h;,'Cu'.   <  'hnii. 
Is'.i'.i,   p.    litis  .      ill    I'.IOJ   Dr.    M,ittlif>  .iddri-M'd    the  ( iirin.in 
(luniital  So(  iil\  at  I'.iM'ii.icli  on  the  -.iiiu-  -nliicct.  and  ^pt'cialK 
( liar.K  Icri/iil  the  ininur^ion  form  of  thr  instninu'iit  a>  .id.iiiti'd 
to    (|ii.intit,iti\c    work.       I'--    fop'riiniifr    w-.i-^    .i    n'lr.ictoiiH  tcr 
sjH'ri.ilK    (dii-inicli'd   for  the  iim'  of  .1  Soiitli    I'ol.ir  cxpcdiiioii, 
to  dctcriniiif  tlif  x.iri.itioii  in  (li.iractcr  ot  'caw.itcr  ,it  <lillrrcnt 
|)I.ic('s.     Since  ilii-  i)r'.\ed  to  he  in^atVieieiilK  -ensiti\c  the  lower 
pri^in  W.I-'  discarded,  .ind   the  in-trunieni    rendered   \<r\    inuih 
more  deli(  .lie  iheieliN  .     Il  w.i>  found  p>->il'le  to  i;rea'l\  increast' 
the    ni.iiLinifv  inu;    jiower   of    the    teloeojie,    heiu c    to   (  nlariie    the 
apiiarenl    iiiier\.ils  ln'tween   ihe  -^eale  di\  i-'ioiir-.      The  x.ile  I'X- 
ti'iid;-    from     " .")"    to    -i- !()"),    eorre-^iiondiniL;    lo    ii\>    ]  .'A2'M^    to 
«l)  1. ;}()()}().      The  me.iii  \.ihie  for  oiu'  -v  aU'  di\i>ioii  i-^  theretore 
(».(K»(t:i7:-{    ,1-    a.i;.iinst     (t.lKtOliT.')    for    the    Kiitxro-refr.ictometer, 
making  the  instrument  i)r.n'!ic.ill\-  twice  as  e.isy  [<>  re.id. 
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I  ,h..il  noi  .iit.iMi'i  I"  <l«-ril.f  til.-  nn-,.i  •  ulmu.  ..I  n-r.>n  1. 
work  uhi.li  li.i-  Ikti.  put  .Ml  .v.uni  with  ilti-  iii-tnmutu .  I.iit 
m,■l•t•l^  in  in.  luiui.  v.rv  l.ri.lK  •»  U'W  ol  'li*'  m"-'  ii>'"<  mm.k  -mhI 
„„,,.„,., in  ,.itu  I.-  \vhi.li  h.isc  .ipiHMn.l  in  f.-lun..,!  iMurn.iN 

,  ,„,,,,-  ,i„.  .linui.Mi  ..I  Dr.  M.mli.-,  I{.inli.>nl  W.ikiut,  in 
P.IOJ.  at  tin-  IniviT-ilN  ..t  .|cn.i,  pnp.nvd  rxt.n.l.-.l  t,il)l.  -,  \>a^'<\ 
on  oriuin.il  uork,  l-.r  tlic  .ii.plir.ition  oi  ill.-  ivlr.i.  lunuiir  lo  llu- 
M)luti..ii^  ..I   in.mv  -alt-.  ari(U.  alcoliul.  Im-.t  .•M.act.  otr. 

1.1-a.li  an.l  Lvlli^-"'  •/•  -l'"'''--  (''"•'"•  •^'"  '  ''■'""'•  l''  '"'''  ''■'"' 
ilal...rat.(l  lal)U>  t..r  ilu'  intrrprctali..n  ..I  ■-.■traiti..M  u..ik  on 
,.thvl  an.l  PU'thvl  al...h.)l^.  .in.l  inixtnn'..  'nu'sc  tai.U'>  are 
.^.allv  nu.ri-  .xtciuk-.l  than  tlmsi-  ..f  II.  Waunn.  an.l  ar.-  l-asi-.l 
on  ol.s<T.  ntions  ma.U-  at  Hf  inM.-a.l  ..f  17..■.^  a  nnnli  more- 
(oiu'-nii-nt   tctapiratiiri-  lur  oiir  .  liniati-. 

.Vkcrinann  </..  I'utrrs.  Nahruuiis-  n.  C.-fnittrl.  IU(»7.  i..  IMii 
ha-  .K->crila'.l  ai  U'lmth  a  new  nu-tho.l  t<.r  ..i.taininu  a  .  l.'.ir  milk 
sornni  ^luatinK  xvith  ihl..ri(k-  of  calnuni'  without  filtration. 

HaiiT  and  NeUf.taiin  (/.  Untrrs.  Xahrun'^s-  u.  ii.-mittcl.  l<»t»7. 
p.  -MWh  .Ksrtil.  apparently  s.uiMa.t..ry  methods  (with  interpre- 
tative tables)  tor  fat.  w.iter  and  milk  sii^ar  in  milk. 

I)r  R.  Frank  Kamenetskv  {Chan.  Zntn,r'.  l'.»()7.  p.  7<.tl  pre- 
sents a  long  paper  upon  the  use  ot  the  imm.MMon  refnnt..meter 
in   hrewinj;. 


Tin:    CARi:,    HANDUNCi    AND    USE    OF 
I-XPLOSIVES 

K.  W.  Monk 

Wliauvir  \ii\v  ni;iy  l»i'  lukl  as  to  tin-  class  or  strenjjth  of 
explosives  -iJiirh  should  he  seledi'd  for  partiiular  mining  and 
t'tiiiineentia,  opcralions,  there  can  he  hut  one  opinion  as  to  the 
(lesirahiiity  of  ohtaininji  a  stahle  and  carefully  manufactured 
compound,  whetiier  in  the  shajie  of  ordinary  black  blasting:,  pozi'der, 
or  of  the  strongest  ///£;//  explosives  e\er  produced. 

I'ndouhtedly  there  are  to-day  on  the  market  many  so-called 
patent  ex|)l(>sives,  particidarly  in  the  potash  series,  which  are 
neither  stal)le  nor  practicable,  much  less  safe  to  handle,  and 
under  proper  <^ovcnimeut  supervision  would  not  he  allowed. 

Reputable  manufacturers  should,  hrst,  give  the  selectiim  and 
treatment  of  the  raw  materials  the  greatest  care,  and  the  pro- 
cess of  manufacturing  the  best  chemical  super\ision;  second, 
they  >houId  always  endeavor  to  see  that  their  finished  product 
is  used  tor  the  jiarticular  class  of  work  and  under  the  conditions 
each  specific  brand  and  i<,rade  is  intended  for. 

The  ideal  exi)losive  for  use  under  all  condititms— assuming 
the  (|iiestion  of  potential  energy  recpiired  in  each  instance  to 
have  been  determined  by  other  means — is  a  compound  possessed 
of  the  following  (jualities: 

1.   It  should  not  be  too  sensitive  to  concussion  or  friction,  ot 
too  suscejnible  of  ignition  by,  for  instance,  a  chance  spark. 

'1.   It  should  remain  unchanged  after  exjiosure,  for  a  reason- 
able time,  to  the  atm()si)here. 

.\.   It  should  be  sufficiently  water  resisting  to  remain  unaffected 
by  inmiersion  in  water  for  at  least  a  fixed  period. 

4.  It  should  be  sufticiently  plastic  to  occupy,  under  pressure 
of  the  tamping  rod,  the  lull  space  in  the  bore  hole. 
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5.  li  shcukl  posKSs  great  strength  in  small  bulk,  so  that  a 
minimum  c.f  cost  and  labor  may  be  expcncled  m  the  pre- 
paration .>f  the  bore  h.>les.    As  the  prmc.pal  cost  of  p  epar- 
ing  a  blast  is  the  drilling  of  the  hole,  the  theoret.cal  explos  ve 
that  would  be  most  efficient  is  one  that  would  combme    he 
maximun.  strength  with  the  smallest  bulk,  as  th.s  vvould 
enable  smaller  holes  to  be  drilled,   and   poss.bh    alio,   a 
greater  space  between   the  bore   hc.les   themselves.      Ihs 
applies  in  a  special  degree  where  the  rock  .s  very  hani 
anil,  obviouslv,  there  should  be  a  concentratum  "f /-'"^''•S 
i„  other  instances  proportionate  to  the  class  of  rock  to  be 
blasted. 
,,   It  should  be  capable  of  complete  detonation  and  give  off 
the  minimum  of  unpleasant  fumes.    For  regular  dynam.t  s. 
to  avoid  fumes  on  firing,  the  chemual  Inilance  of  the  m- 
gredients  has  to  be  m<.dified  from  the  theoret.cal  propor- 
tin  necessary  to  ol     un  the  maximum  force.     It  therefore 
rests  with  the  conse  .er.  if  regular  dynamUes  are  used,  to 
sav  whether  the  question  of  less  fumes,  at  a  sacnfice  of 
more  strength,  is  what  is  requued.  or  whether  the  ques- 
doTof  strength  is  the  most  important.    Some  mmes.  poor  y 
ventilated,  mav  prefer  sacrificing  a  little  of  th.s  strength  to 
geTa  proporticmate  reduction  in  fumes,  whdst  other  mmes 
';,1   ventilated,   prefer   the   maxinu.m   strength.     Specud 
explosives   are   available,   embodying   '-^h^^^^f^    '^"f, 
freedom  from  funus.  but  these,  as  a  rule,  take  the  form  of 
gelatinized  explosives. 

Now,  in  onUr  ,.,  main.ain  ,his  l,iRh  ^-''-"' ''[^'^Z 
...nicuhrlv  in  nitroRlvrerino  a.ni,mumls,  k""'   "'re  and  tnc 
"      ,(    iKmlal  supervision  mnsl  1..  Ki-n  ...  ih-"  manufaCur- 
;  ,     ,     WUerc  .lander  would  probal.ly  oriBinau-.  on  s.„ra«c  o 
iuoi-lvrerino  ..xpl..sivfs  loutsi.lc  o(  the  pro|K-r  cliemKal  balan.t 
in^r  d"  ..us  ns.ll  for  ,he  al,s„r.H.n,s),  is  where  ,he  n,.ro«ly.crn 
ha    n,„  heeu  pro,.rly  .reau.l  in  ,!«.  fae.ory  ,o  c' -na  e   a 
trues  of    aeid.      In    the   even!    .,1    ihe   shijhlest   tr.uc  ,1  a,id 
r  ;    ni  B  in  ,he  nitroglycerine,  i.  »..nU,  nau.ral  y  cause  decom- 
^si.ion    and.    sul,se<|ucn.ly,    s,».n.aneous    coml.nst.on,       fh.s 
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<  an  oiiK  \)v  (>l)t.iiiu(l  1)>-  the  most  ciri't"!!!  supervision  of  raw 
niatirials  .u  tlie  f.ictorv .  and  tlie  jiroper  wasliinj^  of  tlie  nitro- 
uKrerini',  win  n  made. 

Users  of  explosives  should  always  note  p.irticularly  whether 
tlieir  d\naniiti'  (■art^id(^H■s  are  '"k-akiii.t; ",  and.  if  so,  the\-  should 
notifx  the  l".\i)Iosi\es  ConipanN  without  dela\-.  ('artrid),a>s 
sliouid  iie\cr  he  stood  up  on  end.  but  ahv.iys  laid  Hat. 

(.'(irr  mid  Ildiitlliiin  of  J-'.x plosives.-  (".rantinsi  thai  tlie  nianu- 
tartured  .irticle  has  been  handed  oxer  to  the  consumer  in  a 
l)roperl\  nianufaetured  and  stable  condition,  it  then  remains 
with  him  to  take  cin-  of  and  handle  it  according  to  the  rules 
and  instructions  published  .md  kincu  out  from  time  to  time  by 
reputable  manufactiiriTs.  who  .ire  backed  by  their  chemical 
ixjierts.  practical  demonstrators  and  actual  users. 

Often  it  has  come  to  my  notice  of  how  the  explosives  are  beinij 
abused  directi\  tlie\  ri'acli  the  consumer,  and  in  ever\  wax- 
conceivable,  from  Ie.i\inj>  it  out  in  the  rain,  thawing  it  l>v 
pl.icini;  it  diri'ctK  in  liot  water,  .ill  of  which,  ficsidcs  bciwj.  vcrv 
dait'icrovs,  can  uvwr  sjixe  the  jiroju'r  or  best  results.  It  has 
been  proNc'd  bi'xond  riuestion  that  when  nitros^Kcerine  exiilo- 
si\es  art'  >ubiected  to  moisture,  tiie  moisture  taken  on  replaci-s 
the  nitronKceriiu  contents,  with  the  result  that  llu'  cartridtjes 
"exude"  and  traces  of  nitroglycerine  are  found  on  the  outside. 
This  nia\  cause  an  exjjlosion  \\W-\\  the  c.irtridues  are  handled 
or  I. lid  in  tlu'  holes,  and  has  often  bicn  the  cause  of  nian\  sad 
.iccidiiits. 

It  explosi\es  umt^  would  only  stop  and  realize  the  uMcat 
sa\ing  and  extra  iHiietits.  ,ind  the  lessi'nin.n  of  dantjer  to  life 
and  propertN-,  7.7//V//  the  proper  care  avd  ImndUn'^  on  their  pari 
Dieans.  much  indeid  would  be  tiained.  The  product  leaves  the 
mill  after  bein^  trt'ated  just  like  a  little  bab\ .  and  has  been 
manufactured  under  the  jfreatest  care  and  super\ision  that 
chemical  science  can  gi\e,  and  on  arrival  at  di'stination  it  should 
be  handled  carefulK-.  stored  in  a  dr\  maj^a/iiie.  opined  up  and 
thawi'd  accordin.n  to  the  propiT  instructions  and  s\steni,  and, 
linally,  ustd  under  the  conditions  the  iiarticular  brand  and 
jiiade  is  intended  for.     Whilst  not  aihocatin};  the  arjitiment  as 
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,,H.  one  .,f  ur.a,.>,  importance  to  Ik-  a>nM.r.d.  yel  from  tin- 
financial  point  ol  the  owners  of  the  explosives  ,t  wonl.l  seem 
ve  V  poor  poliev  to  snl.ject  an  expL.sive  artule  to  poss.l.le 
cU-terioration  through  improper  hamllin,.  1  have  often  m.Ucec 
that  an  article  costin,  one-c,uarter  the  va  ue  of  explosues  s 
s  re,l  in  a  proper  place  and  handled  under  the  pn.per  con- 
:^;;:^ns.  .hilL  the  explosives  may  he  pile.l  in  any  place  that 
happens  to  be  handy. 

Aaidcts.A  ca..not  help  but  emphasi^ze  on  the  -'"V J^^"^^ 
.,„d  vet  1  .laim.  avoidable  accidents,  vvhu-h  have  and  stdl  arc 
^ccurrin.  in  the  use  of  explosives,  and  ^^-^'P-^t.^-;- 
has  but  to  stop  and  realise  the  number  of  hves  lost  annualK  m 
all  classes  of  work. 

For  the  purpose  of  expressin,^  myself  I  am  «onig   to   c hvule 
them  into  two  classes,  direct  accidents  and  nulnect  acadents. 

Direct  .lrr,V/c»7..-These,   I   am   ,oin,  to  cla.m    are  a   very 
l.ie  percentage  at   anv  rate,  avoidable,  and  w.u.ld   not  occur 
^  r      K>\^  ors  to  do  exactly  what  they  are  tohb   no   more.    nc. 
^        but    unfortunately.    '•  there's   the   rub--.      ^^^  f^^ 
ove  -confident,  or  else  begin  to  think  they  know  ,t  al  .  and  m- 
:i     d   V  do   -hat   verv  little  thin,  which  they  have  been  t.^d 
not  to  do.     Perhaps  it  is  in  the  thawing,  and  to  th.s  very  day  u 
fil\   hard   to  convince   some   miners  that   explos.ves  shou 
nc-ver  be  thawed  by  direct   heat  frotn  a  fire  or  stove.     N 
roast  before  a  hot  fire,  nor  attempt  to  thaw  thc.n  .n  any     e    c 
over  a   fire,  or  lean   then,   up   agai.tst    hot    br.ckvNork.    s    atu 
boders.  near  the  fire  by  blacksmith  forges,  much  less  put  them 
in  the  stove  oven  or  directly  in  hot  water. 

Then  if  it  is  not  the  tinncino,  they  probably  "p.ck"  at  a  mis- 
fire to  see  what  it  will  do.  or  else,  smoking  around  explosives, 
dropping  a  lighted  candle  in  a  down-hole,  partially  loaded, 
^m  Ing  the  cartridges  in  the  hole  with  an  iron  -d  d..  -g 
into  or  too  close  to  a  missed  hole.  In  tact,  -'-l^  ;;'2;':^ 
thev  will  do  anvthing  excepting    •exactly  and  onh   as  thc>  arc 

"n.::  fwc-stern   Canada  a    lot    of  explosi^.s  an.  sold   for 
clc^Hng  land,  and  a  good  percentage  is  handled  by  C  h.namen, 
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and,  siranjii'  to  say,  I  ha\i'  \i't  ti»  lu'ar  of  a  Chinaman  In-in^ 
luirt,  and  wliy.^  Simply  ln'causc-  ho  docs  exactly  as  he  is  told, 
no  more,  no  less,  and  never  imdertakes  to  experiment  or  inii)r()ve 
on  the  careful  results  established  for  the  safe  and  proper  carrying 
out  of  hlastini;. 

There  are  many  more  accitlents  which  can  come  in  this  class, 
and  too  numerous  to  mention  in  this  pajier,  hut  the  followinjj 
is  a  fair  example.  I  remi'  nlnr  an  instance  where  two  teamsters 
were  sent  to  a  magazine  to  get  a  load  of  dynamite,  and  on  their 
arrival  they  fotmd  the  log  liuilding  swarming  with  wasjis,  and 
decided  that  the  jiroper  way  to  get  rid  of  them  was  to  smoke 
them  out,  so  they  built  a  fire  in  the  l)uilding  with  the  paper 
lining  from  the  cases,  and  which  paper  was,  outside  of  the  par- 
affin on  it,  probably  more  or  less  saturated  with  nitroglycerine. 
Results  one  man  ran  a  little  faster  tl'tii  the  other,  and  lived 
just  long  enough  to  i-xplain  exactly  what  they  had  done,  but 
had  they  both  been  killed  outright,  all  the  theoretical  and 
practical  explosives  experts  in  the  world  woidd  ne\er  have 
guessed   the  exact   truth. 

Kxplosives  from  reputable  manufacturers  are  to-day  so  l){)ttled 
U|)  and  cushioned  as  to  make  them  safe  to  handle  and  use,  and 
I  claim  that  the  largest  percentage  of  accidents  under  the  above 
heading  can  and  should  be  avoided. 

Indirect  Accideuls. — All  those  accidents  which  perhaps  cannot 
be  attributed  to  actual  carelessness  on  the  part  of  the  workmen. 
For  instance,  a  mucker  striking  a  stray  cartridge  with  his  pick 
whilst  mucking,  and  which  would  have  fcjund  its  way  there 
more  than  likely  from  what  is  known  as  a  "cutoff"  hole.  The 
only  remedy  for  this  is  for  the  miners  to  watch  the  ground  care- 
fully, and  drill  their  holes  further  apart,  so  that  one  will  not 
"cutoff"  the  other. 

Inder  this  class  may  also  come  "asphyxia"  and  poisoning 
from  deleterious  gases,  resulting  from  the  explosion  or  even 
the  handling  of  the  exi)losive  itself.  The  prevailing  trouble  in 
this  resi)ect  is  nearly  always  from  noxious  fumes  coming  from 
"imperfect  explosion".  This  may  l)e  due  to  a  weak  detonator 
or  a  hole  only  partially  exploded  by  the  concussion  of  the  next 
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,„u-  In  the  lutn.^lvcvriiH-  ((.mpoumls  the-  fumc-s  or  jjasi-s  from 
this  partii"'  <.r  iiuiH-rtVcl  cxpL.Mon  form  carbon  mon(,xide. 
whidi  is  a  iioison.  The  dfcrts  arc.  first,  stimulation  and  attcr- 
wa-'s  paralysis  of  the  nervous  system,  starting  with  aNiolent 
hi  <i(he.  great  restlessness,  excitement,  increased  activity  of 
the  heart  and  respiration,  tremors  and  spasms;  later,  uncon- 
sciousness, weakness  and  paralysis  occur,  labored  resi)iratu,n. 
diminishing   heartbeat,   and    finally   death. 

More  dangerous  vet  are  the  gases  and  fumes  from  an  explosive 
containing  nitroben/ole  (commonly  known  as  mirbaneoil),  and 
cases  are  on  record  of  death  occurring  in  less  than  four  hours 
after  inhaling  these  ))oisonous  fumes. 

To  avoid  thest>  partial  or  imperfect  explosions,  take  rare  oj 
xour  cxMosivi's.  and  see  that  tliey  are  only  used  in  a  perfect 
condition.  ,.<-..  proiK-rly  thawed,  not  subjected  to  different 
atmospheric  .onditions,  such  as  unnecessarily  thawed  and  re- 
fro/en  over  and  over  again,  kept  away  from  moisture,  and  used 
with  a  strong  detonator,  the  stronger  the  better  and  cheaper  in 
the  long  run.  In  all  my  work  I  advocate  nothing  less  than  a 
No  «i  detonator,  containing  1.')  grs.  of  a  charge,  and  the  way  I 
figure  it  out  is.  what  is  the  cost,  the  very  small  extra  cost,  of  the 
stronger  detonator,  when  ompared  to,  say,  misfires  and  partial 
or  imperfect   explosions? 

In  using  safetv  fuse  always  put  the  primer  on  the  top  of  the 
charge,  because  (,lherwise  a  chance  spark  from  the  inside  of 
the  fuse  mav  light  the  explosive  and  burn  it  up  before  the 
detonator  explodes,  causing  noxious  fumes  of  the  worst 
kind  Mwavs  tamp  holes  pn>perly  with  suitable  clay  or  sand, 
as  it  saves  from  ten  to  twenty  per  cent,  of  the  efiftciency  of  the 
explosixes  and  gives  a  more  perfect  explosion. 

In  case  of  asphNxia  fresh  air  is  the  first  thing  necessary,  then 
call  a  doctor.  In  my  experience  I  have  seen  but  a  few  cases 
act  alike  With  some,  cold  applications  to  the  head  and  hot 
water  to  the  feet  will  relieve,  whilst  with  others,  stimulants 
seem  to  help.  Yet.  with  some  poor  fellows,  there  is  really  noth- 
ing vou  can  do  without  the  advice  of  a  doctor.  In  my  own  case 
I   get   the  greatest  relief  bv  getting  into  a  steaming  bath  and 
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iiilLiliiiv;  ,11111110111.1.  .111(1  uiilr--  llu-  cast-  is  \tr\  \\u\,  I'lom  niif  to 
two  (hi\>  u-u.il!\  M»>  it  o\(r.  At  all  liiiio  .1  dix  lor  -hoiild  Ik- 
(■allnl  oil  tlu'  t"ir-i  M'iiou>  iii(lic.ilioii>.  wliiiii  arc  >lio\\ii  iiy 
the  \ioKr.l  liiMilaclK'.  chills  and  iicr\(>tisiic--. 

7/,'c  I'sr  nf  l-:xi>liisiirs.  It  i-  lianlK  possililc  wilhiii  llu'  -coin- 
ot  tlii>  paper  to  iiuntioii  .ill  the  dillcicnl  ii-c>  to  which  c\i»losivcs 
(Mil  he  put,  imich  lc^>  (li-cii->  llic  proi^'i"  n-f  "'  '•>*'  din'tTcnl 
ImmikIs  and  ^r.ido  lor  culi  cla»  of  work.  SiitViciciU  to  -.i\-  that 
c\plo-i\cs  arc  iKiii^^  used  to-d.i\  in  .ill  kinds  ol  work,  Iroin 
niiniiiLi  to  railro.id  construction;  in  ihc  luiiil'cr  c.imps,  011  the 
f.iiin.  clc.iriiiL;  l.uid  .uid  tuniiiii;  the  >oil,  h!a>iin:<  >olid  s.il.i- 
ni.indcrs.  nioxiiiti  icc-jaiu-.  dcstroxint;  wreck-,  etc. 

It  i-  .1  diriiciilt  111. liter  .iiid  a  soiiiewh.it  risky  t,i:-k  to  .itteiiiiit 
to  yi\f  ,td\ice  to  the  experiiiii  cd  ci\  il  .md  iiiiniiii^  eiiiiiiU'er  or 
iiiiiu  r  ill  reii.ird  to  the  i;r.ide  of  (.'xplosiNc  he  oU!.;ht  to  use  lia-  .1 
p.irtii  ul.ir  roi  k  or  coal  st-.iiii.  Thi--  inu>t  of  neci-.--it\  be  more 
or  Ic-s  1(  ft  lo  the  yood  judiLiiiient  .md  pr.ictic.il  cininion  :-eiise 
of  tho-e  acui.ilK  sui)tr\  isiiiu  or  doiiii^  the  work.  l-,\perieiice 
and  prictice  will  tell  better  than  aiuthinsi  cUe  the  projier  j;rade 
to  U.-1-  ill  each  -pecilu  formation  .md  the  conditions  under  which 
e.ich  respi(ti\f  e\plo>i\c  will  show  ii])  to  its  greatest  advant.i^e. 
I'r.ictic.il  iiiiiiinL;  eniiiiu-i'r>  .md  miiier>  tan  tell  .iliiio-t  .11  .1  i;lance 
e\,ictl\  wh.it  is  best  suited  for  a  certain  class  ot  rock  .md  just 
wh.it  to  exiHcl  from  the  exjilosiM-  t!u'\-  h,i\e  seUcled.  To  my 
mind  tlu'  secret  of  succe--ful  bl,isliii^  is  in  the  profycr  placiiiii 
ot  Ihc  ho)-c-holcs.  th.e  selection  of  the  rii^ht  tirade  of  e\plo>i\e  and 
the  jin-iHT  wa\-  of  loadiiii^  tlu-  holi's.  Much  has  Iuhmi  written 
on  ■.iritcnil  rules,  which  are  fund.imeiital  and  have  pro\i'd  uselul, 
but  the  most  elVicient  work  in  blastiiiii  is  a  matter  of  exinrieuce 
,ind  i;ood  iiid,L;iiieiit  and  soniethin^^  which  (^omes  to  one  naturally 
if  he  will  i^i\e  this  bniiuli  of  his  business  the  same  c.ire  and 
attention  a>  lu'  t;'^*^'^  ''i*^'  rest. 
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.S'/;(;//  .S'/»/.'/;;;'.-  ThinkiiiiL;  th.it  perhaps  it  ma\-  be  of  interest  I 
am  Koin^  to  briefly  refer  to  one  of  the  many  different  systems 
of  shaft  sinking,  and  with  the  assistance  of  m\-  lanti'ni  slides, 
show  what  exjjlosives  did  in  this  jiarticular  jiiece  of  work. 
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Tliis  >liaft  \v<i>  .1  luiir  (iimp.irtmi'iU  uiu',  cKiisistin^  of  a  "m.iii- 
\\a\  "  ami  tlirci-  "skip-ways".  I'lic  ])(>rli(>ii  wliicli  I  h.nl  the 
pleasure  of  siiikiui.!;  was  from  the  atli  le\il  liV.Kl  ft.  from  the 
surface!  to  the  (ith  li'\el,  12')  ft.  lu-low.  Tliis.  shatt  was  excep- 
lioiialK  wel,  aiul  most  of  the  time  the  liole>  had  to  he  loaded 
under  walir.  The  formation  of  liie  rock  w.is  ver\  "slijipy" 
and  of  the  h  irde-^i  kind  of  dxoriti'.  I'airly  j^ood  hre.ikiiiiL; 
;<roiiiid,  but  a>  li.uht  and  loui;h  as  the  mischief,  and  o\\in}.{  to 
tlie  sli])py  nalme  of  the  formation,  the  holes  had  to  he  freiiuenlly 
changed.  'I'he  full  size  of  the  shaft  was  S  ft.  bf  24  ft.  an<l  with 
.d)oul  a  t»7°  dij).  The  maiiaijement  decided  to  sink  half  the 
-haft  hrst,  that  is  S  ft.  b\  12  ft.  and  then  bench  the  other 
s  ft.  b\  12  ft.  down.  In  this  first  portion  of  the  shaft  we  worked 
two  machines  and  drilled  the  holes  on  the  "double  \'  cut" 
s\stem,  all  of  which  I  will  be  t;lad  to  explain  from  the  lantern 
>lides.  Our  holes  were  drilKd  to  break  from  S  ft.  to  U  ft.  ad\ance 
pir  blast  and  this  record  w.is  kept  ri^ht  iij)  to  the  end.  It  was 
thoujiht  impossibli-  to  break  more  than  |)ossibl\-  t'»  ft.  in  that 
class  of  rock,  but  by  i)UltinK  in  the  system  of  drill-holes  which 
we  did,  and  iisin^  Xobel's  (leli^nite,  an  explosive  now  made  in 
granular  form  <ind  ecpial  to  about  7")  per  cent,  in  breaking 
power,  and  one  of  .Alfred  Xobel's  last  inxentions,  we  were  able 
to  lake  out  "cuts"  of  not  less  than  S  ft.  It  sometimes  took 
1')  hours  to  drill  tlie  22  holes  necessar\  to  bre.ik  this  S  ft.  by 
ri'ft.  jjround,  the  total  amount  (;f  drilling  per  blast  averaging 
20:i  ft.  and  made  up  as  follows: 

IX   H    ft.  holes  helping  "cuts" =  32  ft. 

(iXlO     ft.  holes  main  "cut  holi's" =  (U)  ft. 

()X    '.♦'.  ft.  holes  "breaking-in  holes" =  .57  It. 

()X   !*    ft.  holes  "sfpiaring-up  holes" =  ")4  ft. 

Total 20;Ht. 

As  explained  we  onl\-  ran  tu'o  machines  and  "set  up"  the 
machine  bars  but  once  for  each  round  drilled,  we  merely  having 
to  slide  or  swing  the  machine  over  for  the  different  holes.  Our 
machine  steel  ran  from  the  short  starters  to  12  ft.  and  we  had 


,„lloNv  l.v  ...l.M.liuK  tluK.uiKcsn.vcnlulow: 


St.irurs 
StarliTs 
•_>iuls 

.')tllS 


I  lulir  :{  ll. 

:i  ft . 

:i  It.  to   4  ft. 

»  ft.  to   «■)  ft. 

i\  ft.  to    S  ft. 

S  ft.  to  10  ft. 

1(1  ft.  to  12  ft. 


■J  ',)  If)  Itit. 

■_>  :i  S  hit. 

•J  1  Hi  bit. 

1  :{  4  bit. 

I  «»  U)  bit. 

1  :]  S  bit. 

1  -)   ICt  bit. 


\    u  ^^.t>n,dur  vva>  kit  at  tlte  bottom  of  tin-  shaft,  and  after 
u    (i       Uvd  station  well  startc.l.  .he  seco.t.l   portton 

a,;:,;  ',i,„o »«,.  n...  -^  -,,1  h„is,c,i  ,.,0,..  «.„„...  s.,  ...ikt. 

•       ,v  .>i  rlnnc  until  tlu'  shaft  was  oonipleteil. 
"1     'T        in       ..siH..n  ,.>  sh,.«  IHTC  ,1H.  c,.nM.ara.ivo  ms,s  and 
,      n  ,1..-  ".Iw,,-!.,,!.-  •  l.l.,s.in>:  .,n.l  llu-  sy»u-n.  suk- 

,    „,.ri-  verv  *,lis(acl..rv  1..  Uu-  mmniR  c.>ni,>an>  a>  »iU  a» 

,7:LVn,o.U.„n.,,v..V..^^^^^ 

'Hrlf  W;.:  -  n,l   '  .erive  ..n. '  .enefit  fron,  .he. 

JX  m  I  from  .he  collcc.ion  of  articles  avperlannng 

::;,"  ",ti  :    il".ry.  v^hid,  .  hae  „leas.,re  in  pre«n.,ng 

?he  K    «s.„n  S,l„K.l  ..(  Mines  in  .he  ,.ame  ,.(  my  cmpanv 

n    m"s'  on"  snsp-,,  .hen^-K  es  .,.  yon.  1  «in  U-  very  p  eased 

,       s«e       .  m.  ..r  if  a,  any  fn.nre  .in,e  any  n.ember  des,res 

in  the  care,  handling,  and  practical  use  of  explosnes. 
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Some  apnli^ationr,  of  ^hemintry 
to  industrial   orocessep. 
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